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COR YN£BA CTERIUM GLUTAMICUM GENES ENCODING PROTEINS 
INVOLVED IN MEMBRANE SYNTHESIS AND MEMBRANE TRANSPORT 



Abstract of the Disclosure 

5 

Isolaied nucleic acid molecules, designated MCT nucleic acid molecules, which 
encode novel MCT proteins from Corynebaaerium glutamic urn are described. The 
invention also provides antisense nucleic acid molecules, recombinant expression 
vectors containing MCT nucleic acid molecules, and hosx cells into which the expression 
1 0 vectors have been introduced. The invention still further provides isolated MCT 

proteins, mutated MCT proteins, fusion proteins, antigenic peptides and methods for the 
improvement of production of a desired compound from C glutamicum based on 
genetic engineering of MCT genes in this organism. 
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'" : : * ** : Belegexemplar 

CORYNEBACTERWM GLUTAMIC UM GENES ENCODING PROTEINS 
INVOLVED IN MEMBRANE SYNTHESIS AND MEMBRANE TRANSPORT 

Background of the Invention 

5 Cenain products and by-products of naturally-occurring metabolic processes' in 

cells have utility in a wide array of industries, including the food, feed, cosmetics, and 
pharmaceutical industries. These molecules, collectively termed tfine chemicals'] 
include organic acids, both proteinogenic and non-proteinogenic amino acids, 
nucleotides and nucleosides, lipids and fatty acids, diols, carbohydrates, aromatic 
10 compounds, vitamins and cofactors, and en2ymes. Their production is most 

conveniently performed through the large-scale culture of bacteria developed to produce 
and secrete large quantities of one or more desired molecules. One particularly useful 
organism for this purpose is Corynebacierium gluiamicum, a gram positive, 
nonpathogenic bacterium. Through strain selection, a number of mutant strains have 
been developed which produce an array of desirable compounds. How* ver, selection of 
strains improved for the production of a particular molecule is a time-consuming and 
difficult process. 
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Summary of the Invention 

This invention provides novel nucleic acid molecules which may be used to 
identify or classify Corynebacierium gluiamicum or related species of bacteria. C. 
gluiamicum is a gram positive, aerobic bacterium which is commonly used in industry 
for the large-scale production of a variety .of fine chemicals, and also tor the degradation 
of hydrocarbons (such as in petroleum spills) and for the oxidation of terpenoids. The 
nucleic acid molecules therefore can be used to identify microorganisms which can be 
used to produce fine chemicals, e.g., by fermentation processes. While C. gluiamicum 
itself is nonpathogenic, it is related to other Corynebacierium species, such as 
Corynebacierium dipkiheriae (the causative agent of diphtheria), which are important 
human pathogens. The ability to identify the presence of Corynebacterium species 
therefore also can have significant clinical relevance, e.g., diagnostic applications. 
Further, these nucleic acid molecules may serve as reference points for the mapping of 
the C. gluiamicum genome, or of genomes of related organisms. 

These novel nucleic acid molecules encode proteins, referred to herein as 
membrane construction and membrane transport (MCT) proteins. These MCT proteins 
are capable of, for example, performing a function involved in the metabolism (e.g., the 
biosynthesis or degradation) of compounds necessary for membrane biosynthesis, or of 
assisting in the transmembrane transport of one or more compounds either into or out of 
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the cell. Given the availability of cloning vectors for use in. Corynebacterium 

gluramicum, such as those disclosed in Sinskey et al.. U.S. Patent No. 4,649,1 19, and 

techniques for genetic manipulation of C gluramicum and the related Brevibacttrtum 

species (e.g., lacro/ermenrum) (Yoshihama et al,-/. Bacterial. 162: 591-597 (1985); 

5 Katsumata et al., J. Bacieriol. 159: 306-311 (1984), and Saniamaria et al., J. Gen. 

Microbiol. 130: 2237-2246 (1984)), the nucleic acid molecules of the invention may be 

utili2ed in the genetic engineering of this organism to make it a better or more efficient 

producer of one or more fine chemicals. This improved production or efficiency of 

production of a fine chemical may be due to a direct effect of manipulation of a gene of 

10 the invention, or it may be due to an indirect effect of such manipulation. 

There are a number of mechanisms by which the alteration of an MCT protein of 

^ , the invention may directly affect the yield, production, and/or efficiency of production 

• of a fine chemical from a C. gluramicum strain incorporating such an altered protein. 

Those MCT proteins involved in the export of fine chemical molecules from the cell 

15 may be increased in number or activity such that greater quantities of these compounds 

are secreted to the extracellular medium, from which they are more readily recovered. 

Similarly, those MCT proteins involved in the import of nutrients necessary for the 

■ biosynthesis of one or more fine chemicals (e.g., phosphate, sulfate, nitrogen 

compounds, etc.) may be increased in number or activity such that these precursors, 

20 cofactors, or intermediate compounds are increased in concentration within the cell. 

Further, fatty acids and lipids themselves are desirable fine chemicals: by optimizing the 

activity or increasing the number of one or more MCT proteins of the invention vvhich 

participate in the biosynthesis of these compounds, or by impairing the activity of one or 

more MCT proteins which are involved in the degradation of these compounds, it may 

f0 25 be possible to increase the yield, production, and/or efficiency of production of fatty 

acid and lipid molecules from C. gluramicum. 

The mutagenesis of one or more MCT genes of the invention may also result in 

MCT proteins having altered activities which indirectly impact the production of one or 
more desired fine chemicals from C .gluramicum. For example, MCT proteins of the 

30 invention involved in the export of waste products may be increased in number or 

activity such that the normal metabolic wastes of the cell (possibly increased in quantity 
due to the overproduction of the desired fine chemical) are efficiently exported before 
they are able to damage nucleotides and proteins within the cell (which would decrease 
the viability of the cell) or to interfere with fine chemical biosynthetic pathways (which 

35 would decrease the yield, production, or efficiency of production of the desired fine 
chemical). Further,' the relatively large intracellular quanuties of the desired fine 
chemical may in itself be toxic to the cell, so by increasing the activity or number of 
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iransporters able to export this compound from the cell, one may increase the viability of 
The cell in culture, in rum leading to a greater number of cells in the culture producing 
me desired fine chemical: The MCT proteins of the invention may also be manipulated 
such that the relative amounts of different lipid and fatty acid molecules are produced. 
5 This may have a profound effect on the lipid composition of the membrane of the cell. 
Since each type of lipid has different physical properties, an alteration in the lipid 
composition ofa membrane may significantly alter membrane fluidity. Changes in 
membrane fluidity can impact the transport of molecules across the membrane, as well 
as the integrity of the cell, both of which have a profound effect on the production of 
10 fine chemicals from C gluiamicum in large-scale fermentati ve culture. 

The invention provides novel nucleic acid molecules which encode proteins, 
referred to herein as MCT proteins, which are capable of, for example, participating in 
the metabolism of compounds necessary for the construction of cellular membranes in 
C. gluiamicum, or in the transport of molecules across these membranes. Nucleic acid 
1 5 molecules encoding an MCT protein are referred to herein as MCT nucleic acid 

molecules. In a preferred embodiment, the MCT protein participates in the metabolism 
of compounds necessary for the construction of cellular membranes in C. gluiamicum, 
or in the transport of molecules across these membranes. Examples of such proteins 
include those encoded by the genes set forth in Table 1 . 
20 Accordingly, one aspect of the invention pertains to isolated nucleic acid 

molecules (e.g., cDNAs) comprising a nucleotide sequence encoding an MCT protein or 
biologically active portions thereof, as well as nucleic acid fragments suitable as primers 
or hybridization probes for the detection or amplification of MCT-encoding nucleic acid 
(e.g., DNA or mRNA). In particularly preferred embodiments, the isolated nucleic acid ' 
25 molecule comprises one of the nucleotide sequences set forth in Appendix A or the 
r# coding region or a complement thereof of one of these nucleotide sequences. In other 

particularly preferred embodiments, the isolated nucleic acid molecule of the invention 
comprises a nucleotide sequence which hybridizes to or is at least about 50%, preferably 
at least about 60%, more preferably at least about 70%, 80% or 90%, and even more 
30 preferably at least about 95%, 96%, 97%, 98%, 99% or more homologous to a 
" nucleotide sequence set forth in Appendix A, or a portion thereof. In other preferred 
embodiments, the isolated nucleic acid molecule encodes one of the amino acid 
sequences set forth in Appendix B. The preferred MCT proteins of the present invention 
also preferably possess at least one of the MCT activities described herein. 
35 In another embodiment, the isolated nucleic acid molecule encodes a protein or 

portion thereof wherein the protein or portion thereof includes an amino acid sequence 
which is sufficiently homologous to an amino acid sequence of Appendix B, e.g.. 



sufficiently homologous to an amino acid sequence of Appendix B such mat the protein 
or portion thereof maintains an MCT activity. Preferably, the protein or portion thereof 
encoded by the nucleic acid molecule maintains the ability to participate in the 
metabolism of compounds necessary for the construction of cellular membranes in C 
gluiamicum, or in the transport of molecules across these membranes. In one 
embodiment, the protein encoded by the nucleic acid molecule is at least about 50%, 
preferably at least about 60%, and more preferably at least about 70%, 80%, or 90% and 
most preferably at least about 95%, 96%, 97%, 98%, or 99% or more homologous to an 
amino acid sequence of Appendix B (e.g., an entire amino acid sequence selected from 
those sequences set forth in Appendix B). In another preferred embodiment, the protein 
is a full length C. gluiamicum protein which is substantially homologous to an entire 
amino acid sequence of Appendix B (encoded by an open reading frame shown in 

Appendix A): ' 

In another preferred embodiment, the isolated nucleic acid, molecule is derived 
from C gluiamicum and encodes a protein (e.g., an MCT fusion protein) which includes 
a biologically active domain which is at least about 50% or more homologous to one of 
the amino acid sequences of Appendix B and is able to participate in the metabolism of 
compounds necessary for the construction of cellular membranes in C gluiamicum, or in 
the transport of molecules across these membranes, or has one or more of the activities 
set forth in Table 1, and which also includes heterologous nucleic acid sequences 
encoding a heterologous polypeptide or regulatory regions. 

In another embodiment, the isolated nucleic acid molecule is at least 1 5 
nucleotides in length and hybridizes under stringent conditions to a nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. Preferably, the isolated 
nucleic acid molecule corresponds to a naturally-occurring nucleic acid molecule. More 
preferably, the isolated nucleic acid encodes a naturally-occurring C gluiamicum MCT 
protein, or a biologically active portion thereof. 

Another aspect of the invention pertains to vectors, e.g., recombinant expression 
vectors, containing the nucleic acid molecules of the invention, and host cells into which 
such vectors have been introduced. In one embodiment, such a host cell is used to 
produce an MCT protein by culturing the host cell in a suitable medium. The MCT 
protein can be then isolated from the medium or the host cell. 

Yet another aspect of the invention pertains to a genetically altered 
microorganism in which an MCT gene has been introduced or altered. In one 
embodiment, the genome of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding wild-type or mutated MCT sequence as 
a transgene. In another embodiment, an endogenous MCT gene within the genome of 



the microorganism has been altered, e.g., functionally disrupted, by homologous 
recombination with an altered MCT gene. In a preferred embodiment, the 
microorganism belongs to the genus Corynebacterium or Brevibacierium, with 
Corynebacterium glutamicum being particularly preferred. In a preferred embodiment, 
5 the microorganism is also utilized for the production of a desired compound, such as an 
amino acid, with lysine being particularly preferred. 

Still another aspect of the invention pertains to an isolated MCT protein or a 
portion, e.g., a biologically active portion, thereof, in a preferred embodiment, the 
isolated MCT protein or portion thereof can participate in the metabolism of compounds 
0 necessary for the construction of cellular membranes in C. gluiamicum, or in the 

transport of molecules across these membranes. In another preferred embodiment, the 
isolated MCT protein or portion thereof is sufficiently homologous to an amino acid 
sequence of Appendix B such that the protein or portion thereof maintains the ability to 
participate in the metabolism of compounds necessary for the construction of cellular 
5 membranes in C. glutamicum, or in the transport of molecules across these membranes. 
The invention also provides an isolated preparation of an MCT protein. In 
preferred embodiments, the MCT protein comprises an amino acid sequence of 
Appendix B. In another preferred embodiment, the invention pertains to an isolated full 
length protein which is substantially homologous to an entire amino acid sequence of 
20 Appendix B (encoded by an open reading frame set form in Appendix A). In yet 
another embodiment, the protein is at least about 50%, preferably at least about 60%, 
and more preferably at least about 70%, 80%, or 90%, and most preferably at least about 
95%, 96%, 97%, 98%, or 99% or more homologous to an entire amino acid sequence of 
Appendix B. In other embodiments, the isolated MCT protein comprises an amino acid 
25 sequence which is at least about 50% or more homologous to one of ihe amino acid 
sequences of Appendix B and is able to participate in the metabolism of compounds 
necessary for the construction of cellular membranes in C. glutamicum, Or in the 
transport of molecules across these membranes, or has one or more of the activities set 
forth in Table 1. 

30 Alternatively, the isolated MCT protein can comprise an amino acid sequence 

which is encoded by a nucleotide sequence which hybridizes, e.g., hybridizes under 
stringent conditions, or is at least about 50%, preferably at least about 60%, more 
preferably at least about 70%, 80%, or 90%. and even more preferably at least about 
95%, 96%, 97%, 98,%, or 99% or more homologous, to a nucleotide sequence of 

35 Appendix B. It is also preferred that the preferred forms of MCT proteins also have one 
or more of the MCT bioacti vines described herein. 
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The MCT polypeptide, or a biologically active portion thereof, can be 
operarively linked to a non-MCT polypeptide to form a fusion protein. In preferred 
embodiments, this fusion protein has an activity which differs from that of the MCT 
protein alone. In other preferred embodiments, this fusion protein participate in the 

5 metabolism of compounds necessary for the construction of cellular membranes in C 
gluiamicum, or in the transport of molecules across these membranes. In particularly 
preferred embodiments, integration of this fusion protein into a host cell modulates 
production of a desired compound from the cell. 

Another aspect of the invention pertains to a method for producing a fine 

1 0 chemical. This method involves the culturing of a cell containing a vector, directing ihe 
expression of an MCT nucleic acid molecule of the invention, such that a tine chemical 
is produced. In a preferred embodiment: this method further includes the step of 
obtaining a cell containing such a vector, in which a cell is transfecied with a vector 
directing the expression of an MCT nucleic acid. In another preferred embodiment, this 

IS method further includes the step of recovering the fine chemical from the culture. In a 
particularly preferred embodiment, the cell is from the genus Corynebacmrium or 
JBrevibaaerium, or is selected from those strains set forth in Table 3. 

Another aspect of the invention pertains to methods for modulating production of 
a molecule from a microorganism. Such methods include contacting the cell with an 

20 agent which modulates MCT protein activity or MCT nucleic acid expression such that a 
cell associated activity is altered relative to this same activity in the absence of the 
agent. In a preferred embodiment, the cell is modulated for one or more C. gtutamicum 
metabolic pathways for cell membrane components or is modulated for the transport of 
compounds across such membranes, such that the yields or rate of production of a 

25 desired fine chemical by this microorganism is improved. The agent which modulates 
MCT protein activity can be an agent which stimulates MCT protein activity or MCT 
nucleic acid expression. Examples of agents which stimulate MCT protein activity or 
MCT nucleic acid expression include small molecules, active MCT proteins, and nucleic 
acids encoding MCT proteins that have been introduced into the cell. Examples of 

30 agents which inhibit MCT activity or expression include small molecules and antisense 
MCT nucleic acid molecules. 

Another aspect of the invention pertains to methods for modulating yields of a 
desired compound from a cell, involving the introduction of a wild-type or mutant MCT 
gene into a cell, either maintained on a separate plasmid or integrated into the genome of 

35 the host cell. If integrated into the genome, such integration can be random, or it can 
take place by homologous recombination such that the native, gene is replaced by the 
introduced copy, causing the production of the desired compound from the cell to be 



modulated. In a preferred embodiment, said yields are increased. In another preferred 
embodiment, said chemical is a fine chemical. In a particularly preferred embodiment, 
said fine chemical is an amino acid. In especially preferred embodiments, said amino 
acid is L-lysine. 

Detailed Description of the Invention 

The present invention provides MCT nucleic acid and protein molecules which 
are involved in the metabolism of cellular membrane components in C. glutamicum or 
in the transport of compounds across such membranes. The molecules of the invention 
may be utilized in the modulation of production of fine chemicals from microorganisms, 
such as C. glutamicum, either directly (e.g., where overexpression or optimization of a 
fatty acid biosynthesis protein has a direct impact on the yield, production, and/or 
efficiency of production of the fatty acid from modified C gluiamicum), or an indirect 
impact which nonetheless results in an increase of yield, production, and/or efficiency of 
production of the desired compound (e.g., where modulation of the metabolism of cell 
membrane components results in alterations in the yield, production, and/or efficiency of 
production or the composition of the cell membrane, which in mm may impact the 
production of one or more fine chemicals). Aspects of the invention are further 
explicated below. 

1. Fine Chemicals . 

The term 'fine chemical' is art-recognized and includes molecules produced by 
an organism which have applications in various industries, such as, but not limited to, 
the pharmaceutical, agriculture, and cosmetics industries. Such compounds include 
organic acids, such as tartaric acid, itaeonic acid, and diaminopimelic acid, both 
proteinogenic and non-proteinogenic amino acids, purine and pyrimidine bases, 
nucleosides, and nucleotides (as described e.g. in Kuninaka, A. (1996) Nucleotides and 
related compounds, p. 561-612, in Biotechnology vol. 6, Rehm et al., eds. VCH: 
Weinheim, and references contained therein), lipids, both saturated and unsaturated fatty 
acids (e.g., arachidonic acid), diols (e.g., propane diol, and butane diol), carbohydrates 
(e.g., hyaluronic acid and trehalose), aromatic compounds (e.g., aromatic amines, 
vanillin, and indigo), vitamins and cefaclors (as described in Ullraann's Encyclopedia of 
Industrial Chemistry, vol. A27, -Vitamins", p. 443-613 (1996) VCH: Weinheim and 
references therein; and Ong, A.S., Niki, E. & Packer, L. (1995) "Nutrition, Lipids, 
Health, and Disease" Proceedings of the UNESCO/Confederation of Scientific and 
Technological Associations in Malaysia, and the Society for Free Radical Research - 
Asia, held Sept. 1-3. 1994 at Penang, Malaysia, AOCS Press, (1995)), enzymes, and all 



other chemicals described in Gutcho (1983) Chemicals by Fermentation, Noyes Data 
Corporation, ISBN: 0818805086 and references therein. The metabolism and uses or 
certain of these fine chemicals are further explicated below. 

: A. Amino Acid Meiabolism and Uses 

Amino acids comprise the basic structural units of all proteins, and as such are 
essential for normal cellular functioning in all organisms. The term "amino acid is art- 
recognized. The proteinogenic amino acids, of which there are 20 species serve as 
structural units for proteins, in which they are linked by peptide bonds, while the 
) nonpathogenic amino acids (hundreds of which are known) are not normally _found m 
proteins (see Ulmann's Encyclopedia of Industrial Chemistry, vol. A2,p. 57-97 VCH. 
^einheim (1985)). Axnino acids may be in me D- or L- optical configurauon. ihough L- 
amino acids are generally the only type found in naturally-occurring proteins. 
Biosymhetic and degradarive pathways of each of the 20 proteinogenic ammo acids 
5 have been well characterized in both prokaryotic and eukaryotic cells (see, for example 
Stryer.L. Biochemistry, Sedition, pages 578-590 (1988)). The 'essential armno acids 
(histidine. isoleucine, leucine, lysine, methionine, phenylalanine, threonine; ^tryptophan, 
and valine), so named because they are generally a nutritional requirement due to me 
complexity of their biosynthesis, are readily converted by simple biosynthetic pathways 
>0 to the remaining 1 1 'nonessential' amino acids (alanine, arginine, asparagine, aspartate, 
cysteine, glutamate, glutamine. glycine, proline, serine, and tyrosine). Higher animals 
do retain the ability to synthesize some of these amino acids, but the essential ammo 
acids must be supplied from the diet in order for normal protein synthesis to occur. 
Aside from their function in protein biosynthesis, these ammo acids are 
25 interesting chemicals in their own righ^and many have been found to have various 
applications in the food, feed, chemical, cosmetics, agriculture, and pharmaceutical 
industries. Lysine is an important amino acid in the nutrition not only of humans, but 
also of monogastric animals such as poultry and swine. Glutamate is most commonly 
used as a flavor additive (mono-sodium glutamate, MSG) and is widely used throughout 
30 the food industry, as are aspartate, phenylalanine, glycine, and cysteine. Glycine, L- 
niethionine and tryptophan are all utilized in the pharmaceutical industry. GUmuxune, 
valine, leucine, isoleucine, histidine. arginine, proline, serine and alanine are of use in 
both the pharmaceutical and cosmetics industries. Threonine, tryptophan, and D/ L- 
methionine are common feed additives. (Leuchtenberger, W. (1996) Ammo aids- 
35 technical production and use, p. 466-502 in Rehm et al. (eds.) Biotechnology voL 6 
chapter 14a, VCH: Weinheim). Additionally, these amino acids have been found to be 
useL as precursors for the synthesis of synthetic amino acids and proteins, such as N- 



acetylcysteine, S-carboxymethyl-L-cysteine. (S)-5-hydroxytrypto P han. and others 
described in Ulmann's Encyclopedia of Industrial Chemistry . vol. A2. p. 57-97, VCH: 
Weinheim, 1985. 

The biosynthesis of these natural amino acids in organisms capable of 
producing them, such as bacteria, has been well characterized (for review of bacterial 
amino acid biosynthesis and regulation thereof, see Umbarger, H.E.(1978) Ann. Rev. 
Biochem 47-533-606). Olutamate is synthesized by the reductive ammanon of o- 
keioglutarate, an intermediate in the citric acid cycle. Glutamine, proline, and argimne 
are each subsequently produced from glutamate. The biosynthesis of serine is a three- 
step process beginning with 3-phosphoglycerate (an intermediate in glycolysis), and ^ 
resulting in this amino acid after oxidation, traiisaniination, and hydrolysis steps! Both 
cysteine and glycine are produced from serine; the former by the condensation of 
homocysteine with serine, and the latter by the Transferal of the side-chain (J-carbon 
atom to tetrahydrofolate, in a reaction catalyzed by serine uanshydroxymethylase. 
Phenylalanine, and tyrosine are synthesized from the glycolytic and pentose phosphate 
pathway precursors erythrose 4-phosphate and phosphoenolpyruvate in a 9-step 
biosyntbetic pathway that differ only at the final two steps after synthesis of prephenate. 
Tryptophan is also produced from these two initial molecules, but its synthesis is an 1 1- 
step pathway. Tyrosine may also be synthesized from phenylalanine, in a reaction 
catalyzed by phenylalanine hydroxylase. Alanine, valine, and leucine are all 
biosyntheuc products of pyruvate, the final product of glycolysis. Aspartate is formed 
from oxaloacetate, an intermediate of the citric acid cycle. Asparagine, methionine, 
threonine, and lysine are each produced by the conversion of aspartate. Isoleucine is : 
formed from threonine. A complex 9-step pathway results in the production of histidine 
from 5-phosphoribosyl-l-pyrophosphate, an activated sugar. 

Amino acids in excess of the protein synthesis needs of the cell cannot be stored, 
and are instead degraded to provide intermediates for the major metabolic pathways of 
the cell (for review see Stryer, L. Biochemistry 3« ed. Ch. 21 -Amino Acid Degradation, 
and the Urea Cycle" p. 495-516 (1988)). Although the cell is able to convert unwanted 
amino acids into useful metabolic intermediates, amino acid production is costly m 
terms of energy, precursor molecules, and theenzymes necessary to synthesize them 
Thus it is not surprising that amino acid biosynthesis is regulated by feedback mhibition. 
in which the presence of a particular amino acid serves to slow or entirely stop its own 
production (for overview of feedback mechanisms in arnmo acid biosynmetic pamways, 
see Stryer, L. Biochemistry, 3« ed. Ch. 24: -Biosynthesis of .Amino Acids and Heme P . 
575-600 (1988)). Thus, the output of any particular amino acid is limited by the amount 
of that amino acid present in the cell. 
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B. Yitamin. Co/actor, and Nvtraceurical Metabolism and Uses 

Vitamins, cofactors, and nutraceuticals comprise another group of molecules 
which The higher animals have lost the ability to synthesize and so must ingest, although 

5 they are readily synthesized by other organisms such as bacteria. These molecules are 
either bioactive substances themselves, or are precursors of biologically active 
substances which may serve as electron carriers or intermediates in a variety of 
metabolic pathways. Aside from their nutritive value, these compounds also have 
significant industrial value as coloring agents, antioxidants, and catalysis or other 

.0 processing aids, (for an overview of the structure, activity, and industrial applications 
of these compounds, see, for example, Ullman's Encyclopedia of Industrial Chemistry, 
"Vitamins" vol. A27. p. 443-613. VCH: Weinheim, 1996.) The term "vitamin" is art- 
recognized, and includes nutrients which are required by an organism for normal 
functioning, bat which that organism cannot synthesize by itself. The group of vitamins 

15 may encompass cofactors and nutraceutical compounds. The language "cofactor" 
' includes nonproteinaceous compounds required for a normal enzymatic activity to 
occur. Such compounds may be organic or inorganic; the cofactor molecules of the 
invention are preferably organic. The term "nutraceutical" includes dietary supplements 
having health benefits in plants and animals, particularly humans. Examples of such 

20 molecules are vitamins, antioxidants, and also certain lipids (e.g., polyunsaturated fatty 
acids). 

The biosynthesis of these molecules in organisms capable of producing them, 
such as bacteria, has been largely characterized (Ullman's Encyclopedia of Industrial 
Chemistry, -Vitamins" vol. A27, p. 443-613, VCH: Weinheim, 1996; Michal, G. (1999) 

25 Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology, John Wiley 
& Sons; Ong, A.S., Niki, E. & Packer, L. (1 995) "Nutrition, Lipids, Health, and 
Disease" Proceedings of the UNESCO/Confederation of Scientific and Technological 
Associations in Malaysia, and the Society for Free Radical Research - Asia, held Sept. 
1-3, 1994 at Penang, Malaysia, AOCS Press: Champaign, IL X, 374 S). 

30 * Thiamin (vitamin BO is produced by the chemical coupling of pyrimidine and 
thiazoie moieties. Riboflavin (vitamin B 2 ) is synthesized from guanosine-5 '-triphosphate 
(OTP) and ribose-5'-phosphate. Riboflavin, in turn, is utilized for the synthesis of flavin 
mononucleotide (FMN) and flavin adenine dinucleotide (FAD). The family of 
compounds collectively termed Vitamin B 6 ' (e.g., pyridoxine, pyridoxamine, pyridoxa- 

35 S'-phosphate, and the commercially used pyridoxin hydrochloride) are all derivatives of 
the common structural unit, 5-hydroxy-6-methylpyridine. Pantothenate (pantothenic 
acid, (R)-(+>N-(2,4-dihydroxy-3,3-dimethy 1-1 -oxobutyl)-Manine) can be produced 



either by chemical synthesis or by fermentation. The final steps in pantothenate 
biosynthesis consist of the ATP-driven condensation of p-alanine and pantoic acid. The 
enzymes responsible for the biosynthesis steps for the conversion to pantoic acid, to p- 
alaiiine and for the condensation to panthotenic acid are known. The metabolically 
active form of pantothenate is Coenzyme A, for which the biosynthesis proceeds in 5 
enzymatic steps. Pantothenate, pyridoxal-5'-phosphaie, cysteine and ATP are the 
precursors of Coenzyme A. These en2ymes not only catalyze the formation of 
parithothante, but also the production of (R)-pantoic acid, (R)-pantolacton, (R)- 
panthenol (provitamin B5), pantetheine (and its derivatives) and coenzyme A. 

Biotin biosynthesis from the precursor molecule pimeloyl-CoA in 
microorganisms has been studied in detail and several of the genes involved have been 
identified. Many of the corresponding proteins have been found to also be involved in 
Fe-cluster synthesis and are members of the nifS class of proteins. Lipoic acid is 
derived from octanoic acid, and serves as a coenzyme in energy metabolism, where it 
becomes pan of the pyruvate dehydrogenase complex and the a-ketoglutarate 
dehydrogenase complex. The folates are a group of substances which are all derivatives 
of folic acid, which is turn is derived from L-glutamic acid, p-amino-benzoic acid and 6- 
methylpterin. The biosynthesis of folic acid and its derivatives, starting from the 
metabolism intermediates guanosine-5' -triphosphate (GTP), L-glutamic acid and p- 
amino-benzoic acid has been studied in detail in certain microorganisms. 

Coninoids (such as the cobalamines and particularly vitamin B 12) and 
porphyrines belong to a group of chemicals characterized by a tetrapyrole ring system. 
The biosynthesis of vitamin is sufficiently complex that it has not yet been 
completely characterized, but many of the enzymes and substrates involved are now 
known. Nicotinic acid (nicotinate), and nicotinamide are pyridine derivatives which are 
also tenned 'niacin'. Niacin is the precursor of the important coenzymes NAD 
(nicotinamide adenine dinucleotide) and NADP (nicotinamide adenine dinucleotide 
phosphate) and their reduced forms. 

The large-scale production of these compounds has largely relied on cell-free 
chemical syntheses, though some of these chemicals have also been produced by large- 
scale culture of microorganisms, such as riboflavin, Vitamin B6, pantothenate, and 
biotin. Only Vitamin B12 is produced solely by fermentation, due to the complexity of 
its synthesis. In vitro methodologies require significant inputs of materials and time, 
often at great cost. 
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C. Purine. Pyrimidine, Nucleoside and Nucleotide Metabolism and Uses 

Purine and pyrimidine metabolism genes and their corresponding proteins are 
important targets for the therapy of tumor diseases and viral infections. The language 
"purine" or •pyrimidine" includes the nitrogenous bases which are constituents of 

5 nucleic acids, co-enzymes, and nucleotides. The term '-nucleotide" includes the basic 
structural units of nucleic acid molecules, which are comprised of a nitrogenous base, a 
pentose sugar (in the case of RNA, the sugar is ribose; in the case of DNA, the sugar is 
D-deoxyribose), and phosphoric acid. The language "nucleoside" includes molecules 
which serve as precursors to nucleotides, but which are lacking the phosphoric acid 

1 0 moiety that nucleotides possess. By inhibiting the biosynthesis of these molecules, or 
their mobilization to form nucleic acid molecules, it is possible to inhibit RNA and DN A 
synthesis; by inhibiting this activity in a fashion targeted to cancerous cells, the ability 
of tumor cells to divide and replicate may be inhibited. Additionally, there are 
nucleotides which do not form nucleic acid molecules, but rather serve as energy stores 

15 (i.e., AMP) or as coenzymes (i.e., FAD and NAD). 

Several publications have described the use of these chemicals for these medical 
indications, by influencing purine and/or pyrimidine metabolism (e!g. Christopherson, 
R.I. and Lyons, S.D. (1 990) "Potent inhibitors of de novo pyrimidine and purine 
biosynthesis as chemotherapeutic agents." Med. Res. Reviews 10: 505-548). Studies of 

20 . enzymes involved in purine and pyrimidine metabolism have been focused on the 

development of new drugs which can be used, for example, as immunosuppressants or 
anti-proliferants (Smith, J.L., (1995) -Enzymes in nucleotide synthesis." Curr. Opin. * 
* Struct Biol. 5: 752-757; (1995) Biochem Sol: Transact. 23: 877-902). However, purine 
and pyrimidine bases, nucleosides and nucleotides have other utilities: as intermediates 

25 in the biosynthesis of several fine chemicals (e.g., thiamine, S-adenosyl-methionine, 
i% folates, or riboflavin), as energy carriers for the cell (e.g., ATP or GTP), and for 

chemicals themselves, commonly used as flavor enhancers (e.g., IMP or GMP) or for 
several medicinal applications (see, for example, Kuninaka, A. (1 996) Nucleotides and 
Related Compounds in Biotechnology vol. 6, Rehm et al., eds. VCH: Weinheim, p. 561- 

30 612). Also* enzymes mvolved in purine, pyrimidine, nucleoside, or nucleotide 
metabolism are increasingly serving as targets against which chemicals for crop 
protection, including fungicides, herbicides and insecticides, are developed. 

The metabolism of these compounds in bacteria has been characterized (for 
reviews see, for example, Zalkin, H. and Dixon, J.E. (1992) "de novo purine nucleotide 

35 biosynthesis", in: Progress in Nucleic Acid Research and Molecular Biology, vol. 42, 
Academic Press:, p. 259-287; and Michal, G. (1 999) "Nucleotides and Nucleosides", 
Chapter 8 in: Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology, 
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Wiley: New York). Purine metabolism has been the subject of intensive research, and is 
essential to the normal functioning of the cell. Impaired purine metabolism in higher 
animals can cause severe disease, such as gout. Purine nucleotides are synthesized from 
ribose-5-phosphate, in a series of steps through the intermediate compound inosine-5 1 - 
5 phosphate (IMP), resulting in the production of guanosine-5 ' -monophosphate (GMP) or 
adenosine-5 '-monophosphate (AMP), from which the triphosphate forms utilized as 
nucleotides are readily foimed. These compounds are also utilized as energy stores, so 
their degradation provides energy for many different biochemical processes in the cell. 
Pyrimidine biosynthesis proceeds by the formation of uridine-5 '-monophosphate (UMP) 
10 from ribose-S-phosphate. UMP, in turn, is convened to cytidine-S'-triphosphate (CTP). 
The deoxy- forms of all of these nucleotides are produced in a one step reduction , 
reaction from the diphosphate ribose form of the nucleotide to the diphosphate 
deoxyribose form of the nucleotide. Upon phosphorylation, these molecules are able to 
participate in DNA synthesis. 

15 

D. Trehalose Metabolism and Uses 

Trehalose consists of two glucose molecules, bound in a, a-1,1 linkage. It is . 
commonly used in the food industry as a sweetener, an additive for dried or frozen 
foods, and in beverages/ However, it also has applications in the pharmaceutical, 

20 cosmetics and biotechnology industries (see, for example, Nishimoto et al., (1998) U.S. 
Patent No. 5,759,610; Singer, M.A. and Lindquist, S. (1 998) Trends Biotech. 1 6: 460- 
467; Paiva, CX.A. and Panek, A.D. (1996) Biotech Ann. Rev. 2: 293-314; and 
Shiosaka, M. (1997) J. Japan 172: 97-102). Trehalose is produced by enzymes from 
many microorganisms and is naturally released into the surrounding medium, from 

25 which it can be collected using methods known in the arc 

II. Membrane Biosynthesis and Transmembrane Transport 

Cellular membranes serve a variety of functions in a cell. First and foremost, a 
membrane differentiates the contents of a cell from the surrounding environment, thus 

30 giving integrity to the cell. Membranes may also serve as barriers to the influx of 
hazardous or unwanted compounds, and also to the efflux of desired compounds. 
Cellular membranes are by nature impervious to the unfacilitated diffusion of 
hydrophilic compounds such as proteins, water molecules and ions due to their structure: 
a bilayer of lipid molecules in which the polar head groups face outwards (towards the 

35 exterior and interior of the cell, respectively) and the nonpolar tails face inwards at the 
center of the bilayer, forming a hydrophobic core (for a general review of membrane 
structure and function, see Gennis, R.B. (1989) Biomemhranes, Molecular Structure and 



Function, Springer: Heidelberg). This barrier enables cells to maintain a relatively 
higher concentration of desired compounds and a relatively lower concentration of 
undesired compounds than are contained within the surrounding medium, since the 
diffusion of these compounds is effectively blocked by the membrane. 
5 However, the membrane also presems an effective barrier to ihe import of desired 
compounds and the export of waste molecules. To overcome this difficulty, cellular 
membranes incorporate many kinds of transporter proteins which are able to facilitate 
the transmembrane transport of different kinds of compounds. There are two general 
classes of these transport proteins: pores or channels and transporters. The former are 
0 integral membrane proteins, sometimes complexes of proteins, which form a regulated 
hole through the membrane.. This regulation, or "gating' is generally specific to the 
molecules to be transported by the pore or channel, rendering these transmembrane 
constructs selectively permeable to a specific class of substrates; for example, a 
potassium channel is constructed such that only ions having a like charge and size to that 
of potassium may pass through. Channel and pore proteins tend to have discrete 
hydrophobic and hydrophilic domains, such that the hydrophobic face of the protein 
may associate with the interior of the membrane while the hydrophilic face lines the 
interior of the channel, thus providing a sheltered hydrophilic environment through 
which the selected hydrophilic molecule may pass. Many such pores/channels are 
known in the art, including thbse for potassium, calcium, sodium, and chloride ions. 

This pore and channel-mediated system of facilitated diffusion is limited to very 
small molecules, such as ions, because pores or channels large enough to permit the 
passage of whole proteins by facilitated diffusion would be unable to prevent the 
passage of smaller hydrophilic molecules as well. Transport of molecules by this process 
is sometimes termed 'facilitated diffusion' since the driving force of a concentration 
gradient is required for the transport to occur. Permeases also permit facilitated 
diffusion of larger molecules, such as glucose or other sugars, into the cell when the 
concentration of these molecules on one side of the membrane is greater than that on the 
other (also called 'uniport'). In contrast to pores or channels, these integral membrane 
proteins (often having between 6-14 membrane-spanning a-heiices) do not form open 
channels through the membrane, but rather bind to the target molecule at the surface of 
the membrane and then undergo a conformational shift such that the target molecule is 
released on the opposite side of the membrane. 

However, cells frequently require the import or export of molecules against the 
existing concentration gradient ("active transport'), a situation in which facilitated 
diffusion cannot occur. There are two general mechanisms used by cells for such 
membrane transport: symport or antiport, and energy-coupled transport such as that 1 



mediated by the ABC Transporters. Symport and antipon systems couple the movement 
of two different molecules across the membrane (via permeases having two separate 
binding sites for the two different molecules); in symport, both molecules are 
transported in the same direction, while in antiport, one molecule is imported while the 
5 other is exported. This is possible energetically because one of the two molecules 
moves in accordance with a concentration gradient, and this energetically favorable 
event is permitted only upon concomitant movement of a desired compound against the 
prevailing concentration gradient. Single molecules may be transported across the 
membrane against the concentration gradient in an energy-driven process, such as that 
utilized by the ABC transporters. In this system, the transport protein located in the 
membrane has an ATP-binding cassette; upon binding of the target molecule, the ATP is 
converted to aDP + Pi, and the resulting release of energy is used to drive the 
movement of the target molecule to the opposite face of the membrane, facilitated by the 
transporter. For more detailed descriptions of all of these transport systems, see: 
Bamberg, E. et al. f (1993) ^Charge transport of ion pumps on lipid bilayer membranes", 
Q. Rev Biophys. 26: 1-25; f indlay, J.B.C. (1991 ) "Structure and function in membrane " 
transport systems", Curr Opin. Srrucr. Biol. 1:804-810; Higgins, C.f . (1992) -ABC 
transporters from microorganisms to man", Ann. Rev Cell Biol. 8: 67-1 13; Gennis, R.B. 
(1989) -Pores, Channels and Transporters" in: Biomembraries, Molecular Structure and 
Function, Springer: Heidelberg, p. 270-322; and Nikaido, H. and Saier, H. (1992) 
"Transport proteins in bacteria:. common themes in their design", Science 258: 936-942, 
and references contained within each of these references. 

The synthesis of membranes is a well-characterized process involving a number 
of components, the most important of which are lipid molecules. Lipid synthesis may 
be divided into rsvo. pans: the synthesis of fatty acids and their attachment to sn- 
glycerol-3-phosphate, and the addition or modification of a polar head group. Typical 
lipids utilized in bacterial membranes include phospholipids, glycolipids, sphingolipids, 
and phosphoglycerides. Fatty acid synthesis begins with the conversion of acetyl CoA 
either to malonyl CoA by acetyl CoA carboxylase, or to acetyl-ACP by 
acetyltransacylase. Following a condensation reaction, these two product molecules 
together form acetoacetyl-XCP, which is convened by a series of condensation, 
reduction and dehydration reactions to yield a saturated fatty acid molecule having a 
desired chain length. The production of unsaturated fatty acids from such molecules is 
catalyzed by specific desaturases either aerobically, with the help of molecular oxygen, 
or anaerobically (for reference on fatty acid synthesis, see f .C. Neidhardt et al. (1996) E. 
coli and Salmonella. ASM Press: Washington, D.C., p. 612-636 and references 
contained therein; Lengelex et al. (eds) (1999) Biology of Procaryotes. Thieme: 
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Sruugart, New York, and references contained therein; and Magnuson, K. et al., (1993) 
Microbiological Reviews 57: 522-542, and references contained therein). The 
cyclopropane fatty acids (CFA) are synthesized by a specific CF A-synthase using SAM 
as a cosubstrare. Branched chain fatty acids are synthesized from branched chain amino 
5 acids that are deaminated to yield branched chain 2-oxo-acids (see Lengeler et al., eds. 
(1999) Biology of Procaryotes. Thieme: Stungan 7 New York, and references contained 
therein). Another essential step in lipid synthesis is the transfer of fatty acids onto the 
polar head groups by, for example, glycerol-phosphate-acyltransferases. The 
combination of various precursor molecules and biosynthetic enzymes results in the 
1 0 production of different fatty acid molecules, which has a profound effect on the 
composition of the membrane. 

ILL Elements and Methods of the Invention 

The present invention is based, at least in part, on the discovery of novel 
15 molecules, referred to herein as MCT nucleic acid and protein molecules, which control 
the production of cellular membranes in C gluramicum and govern the movement of 
molecules across such membranes. In one embodiment, the MCT molecules participate 
in the metabolism of compounds necessary for the construction of cellular membranes in 
C gluramicum, or in the transport of molecules across these membranes. In a preferred 
embodiment, the activity of the MCT molecules of the present invention to regulate 
membrane component production and membrane transport has an impact on the 
production of a desired fine chemical by this organism. In a particularly preferred 
embodiment, the MCT moleculesof the invention are modulated in activity, such that 
the C. gluramicum metabolic pathways which the MCT proteins of the invention 
regulate are modulated in yield, production, and/or efficiency of production and the 
transport of compounds through the membranes is altered in efficiency, which either 
directly or indirectly modulates the yield, production, and/or efficiency of production of 
a desired fine chemical by C gluramicum. 

The language, "MCT protein" or "MCT polypeptide" includes proteins which 
participate in the metabolism of compounds necessary for the construction of cellular 
membranes in C. gluramicum, or in the transport of molecules across these membranes. 
Examples of MCT proteins include those encoded by the MCT genes set forth in Table 1 
and Appendix A. The terms "MCT gene" or "MCT nucleic acid sequence" include 
nucleic acid sequences encoding an MCT protein, which consist of a coding region and 
also corresponding untranslated 5* and 3' sequence regions. Examples of MCT genes 
include those set forth in Table 1 . The terms production" or "productivity" are art- 
recognized and include the concentration of the fermentation product (for example, the 
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desired fine chemical) formed within a given lime and a given fermentation volume p 
(e.g., kg product per hour per liter). The term "efficiency of production" includes the 
time required for a particular level of production to be achieved (for example, how long 
it takes for the cell to attain a particular rate of output of a fine chemical). The term 
5 "yield" or "product/carbon yield" is art-recognized and includes the efficiency of the 

conversion of the carbon source into the product (i.e., fine chemical). This is generally 

i 

written as, for example, kg product per kg carbon source. By increasing the yield or 
production of the compound, the quantity of recovered molecules, or of useful recovered 
molecules of that compound in a given amount of culture over a given amount of time is 

1 0 increased. The terms ''biosynthesis" or a "biosynthetic pathway" are art-recognized and 
include the synthesis of a compound, preferably an organic compound, by a cell from 
intermediate compounds in what may be a multistep and highly regulated process. The 
terms "degradation" or a ^degradation pathway" are art-recognized and include the 
breakdown of a compound, preferably an organic compound, by a cell to degradation 

15 products (generally speaking, smaller or less complex molecules) in what may be a 
multistep and highly regulated process. The language "metabolism" is art-recognized 
and includes the totality of the biochemical reactions that take place in an organism. 
The metabolism of a particular compound, then, (e.g., the metabolism of an amino acid 
such as glycine) comprises the overall biosynthetic, modification, and degradation 

20 pathways in the cell related to this compound. 

In another embodiment, the MCT molecules of the invention are capable of 
modulating the production of a desired molecule, such as a fine chemical, in a 
microorganism such as C. glutamicum. There are a number of mechanisms by which 
the alteration of an MCT protein of the invention may directly affect the yield, 

25 production, and/or efficiency of production of a fine chemical from a C. glutamicum 
strain incorporating such an altered protein. Those MCT proteins involved in the export 
of fine chemical molecules from the cell may be increased in number or activity such 
that greater quantities of these compounds are secreted to the extracellular medium, 
from which they are more readily recovered. Similarly, those MCT proteins involved in 

30 the import of nutrients necessary for the biosynthesis of one or more fine chemicals 
(e.g., phosphate, sulfate, nitrogen compounds, etc.) may be increased in number or 
acti vity such that these precursor , cofactor, or intermediate compounds are increased in 
concentration within the cell, further, fatty acids and lipids themselves are desirable fine 
chemicals; by optimizing the activity or increasing the number of one or more MCT 

35 proteins of the invention which.panicipate in the biosynthesis of these compounds, or by 
impairing the activity of one or more MCT proteins which are involved in the 
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degradation of these compounds, it may be possible to increase the yiefd, production, 
and/or efficiency of production of fatty acid and lipid molecules from C gluramicum. 

The mutagenesis of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirectly impact the production of one or 
5 more desired tine chemicals from C .gluramicum. for example, MCT proteins of the 
invention involved in the export of waste products may be increased in number or 
activity such that the normal metabolic wastes of the cell (possibly increased in quantity 
due to the overproduction of the desired fine chemical) are efficiently exported before 
they are able to damage nucleotides and proteins within the cell (which would decrease 
10 the viability of the cell) or to interfere with fine chemical biosy nthetic pathways (which 
would decrease the yield, production, or efficiency of production of the desired fine 
chemical). Further, the relatively large intracellular quantities of the desired fine 
chemical may in itself be toxic to the cell, so by increasing the activity or number of 
transporters able to export this compound from the cell, one may increase the viability of 
1 5 the cell in culture, in turn leading to a greater number of cells in the culture producing 
the desired fine chemical. The MCT proteins of the invention may also be manipulated 
such that the relative amounts of different lipid and fatty acid molecules are produced. 
This may have a profound effect on the lipid composition of the membrane of the cell. 
Since each type of lipid has different physical properties, an alteration in the lipid 
20 composition of a membrane may significantly alter membrane fluidity. Changes in 
membrane fluidity can impact the transport of molecules across the membrane, as well 
, as the integrity of the cell, both of which have a profound effect on the production of 
fine chemicals from C glutumicum in large-scale fermentative culture. 

The isolated nucleic acid sequences of the invention are contained within the 
25 genome of a Corynebacierium gluramicum strain available through the American Type 
Culture Collection, given designation ATCC 13032. The nucleotide sequence of the 
isolated C gluramicum MCT cDNAs and the predicted amino acid sequences of the C 
gluramicum MCT proteins are shown in Appendices A and B, respectively. 
Computational analyses were performed which classified and/or identified these 
30 nucleotide sequences as sequences which encode proteins involved in the metabolism of 
cellular membrane components or proteins involved in the transport of compounds 
across such membranes. 

The present invention also pertains to proteins which have an amino acid 
sequence which is substantially homologous to an amino acid sequence of Appendix B. 
35 As used herein, a protein which has an amino acid sequence which is substantially 
homologous to a selected amino acid sequence is least about 50% homologous to the 
selected amino acid sequence, e.g., the enure selected amino acid sequence. A protein 



which has an amino acid sequence which is substantially homologous to a selected 
amino acid sequence can also be least about 50-60%, preferably at least about 60-70%, 
and more preferably at least about 70-80%, 80-90%, or 90-95%, and most preferably at 
leasi about 96%, 97%, 98%, 99% or more homologous to the selected amino acid 
sequence. 

The MCT protein or a biologically active portion or fragment thereof of the 
invention can participate in the metabolism of compounds necessary for the construction 
of cellular membranes in C. gluiamicum, or in the transport of molecules across these 
membranes, or have one or more of the activities set forth in Table 1 . 

Various aspects of the invention are described in further detail in the following 
subsections: 

A. Isolated Nucleic Acid Molecules 

One aspect of the invention pertains to isolated nucleic acid molecules that 
encode MCT polypeptides or biologically active portions thereof, as well as nucleic acid 
fragments sufficient for use as hybridization probes or primers for the identification or ^ 
amplification of MCT-encoding nucleic acid (e.g., MCT DNA). As used herein, the 
term "nucleic acid molecule" is intended to include DNa molecules (e.g., cDNA or 
genomic DNA) and RNA molecules (e.g., mRNA) and analogs of the DNA or RNA 
generated using nucleotide analogs. This term also encompasses untranslated sequence 
located at both the 3 * and 5* ends of the coding region of the gene: at least about 1 00 
nucleotides of sequence upstream from the 5* end of the coding region and at least about 
20 nucleotides of sequence downstream from the 3*end of the coding region of the gene. 
The nucleic acid molecule can be single-stranded or double-stranded, but preferably is 
double-stranded DNA. An "isolated" nucleic acid molecule is one which is separated 
from other nucleic acid molecules which are present in the natural source of the nucleic 
acid. Preferably, an "isolated" nucleic acid is free of sequences which naturally flank 
the nucleic acid (i.e., sequences located at the 5* and 3' ends of the nucleic acid) in the 
genomic DNA of the organism from which the nucleic acid is derived. For example, in 
various embodiments, the isolated MCT nucleic acid molecule can contain less than 
about 5 kb, 4kb f 3kb, 2kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences which 
naturally flank the nucleic acid molecule in genomic DNA of the cell from which the 
nucleic acid is derived (e.g, a C gluiamicum cell). Moreover, an "isolated" nucleic acid 
molecule, such as a cDN A molecule, can be substantially free of other cellular material, 
or culture mediuin when produced by recombinant techniques, or chemical precursors or 
other chemicals when chemically synthesized. 



. A nucleic acid molecule of xhe presem invention, e.g., a nucleic acid molecule 
having a nucleotide sequence of Appendix A, or a portion thereof, can be isolated using 
standard molecular biology techniques and the sequence information provided herein. 
For example, a C glutamicum MCT cDN A can be isolated from a C gluiumicum library 
using all or portion of one of the sequences of Appendix A as a hybridization probe and 
standard hybridization techniques (e.g., as described in Sambrook, J., f rush, E. F., and 
Maniatis, T. Molecular Cloning: A Laboratory Manual 2nd. ed, Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 
Moreover, a nucleic acid molecule encompassing all or a portion of one of the sequences 
of Appendix A can be isolated by the polymerase chain reaction using oligonucleotide 
primers designed based upon this sequence (e.g., a nucleic acid molecule encompassing 
all or a portion of one of the sequences of Appendix A can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon this same sequence of 
Appendix A). For example, mRNA can be isolated from normal endothelial cells (e.g 1 ., 
by the guanidinium-thiocyanate extraction procedure of Chirgwin et al. (1979) 
Biochemistry 18: 5294-5299) and cDNA can be prepared using reverse transcriptase 
(e.g., Moloney ML V reverse transcriptase, available from Gibco/BRL, Bethesda, MD; 
or AMV reverse transcriptase, available from Seikagaku America, Inc., St. Petersburg, 
f L). Synthetic oligonucleotide primers for polymerase chain reaction amplification can 
be designed based upon one of the nucleotide sequences shown in Appendix A, A 
nucleic acid of the invention can be amplified using cDN A or, alternatively, genomic 
DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an 
appropriate vector and characterized by DNA sequence analysis. Furthermore, 
oligonucleotides corresponding to an MCT nucleotide sequence can be prepared by 
standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises one of the nucleotide sequences shown in Appendix A. The sequences of 
Appendix A correspond to the Corymbacttrium glutamicum MCT cDNAs of the 
invention. This cDNA comprises sequences encoding MCT proteins (i.e., "the coding 
region* 1 , indicated in each sequence in Appendix A), as well as 5' untranslated sequences 
and 3' untranslated sequences, also indicated in Appendix A. Alternatively, the nucleic 
acid molecule can comprise only the coding region of any of the sequences in Appendix 
A. 

For the purposes of this application* it will be understood that each of the - 
sequences set forth in Appendix A has an identifying RXA number having the 
designation "RXA" followed by 5 digits (i.e., RXaOOOOI). Each of these sequences ^ 
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comprises up 10 three pans: a 5' upstream region, a coding region, and a downstream 
region. Each of these three regions is identified by the same RXA designation to 
eliminate confusion. The recitation "one of the sequences in Appendix A", then, refers 
to any of the sequences in Appendix A, which may be distinguished by their differing 
5 RXA designations. The coding region of each of these sequences is translated into a 
corresponding amino acid sequence, which is set forth in Appendix B. The sequences of 
Appendix B are identified by the same RXA designations as Appendix A, such that they 
can be readily correlated, for example, the amino acid sequence in Appendix B 
designated RXA00001 is a translation of the coding region of the nucleotide sequence of 
1 0 nucleic acid molecule RXAOOOO 1 in Appendix A. 

In one embodiment, the nucleic acid molecules of the present invention are not 
intended to include those compiled in Table 2. In the case of the dapD gene, a sequence 
for this gene was published in Wehnnann, A., ei al. (1998) J. BaaerioL 180(12): 3159- 
3165. However, the sequence obtained by the inventors of the present application is 
15 v significantly longer than the published version. It is believed that the published version 
relied on an incorrect start codon, and thus represents only a fragment of the actual 
coding region. , 

In another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises a nucleic acid molecule which is a complement of one of the 
20 nucleotide sequences shown in Appendix A, or a portion thereof. A nucleic acid 
molecule which is complementary to one of the nucleotide sequences shown in 
Appendix A is one which is sufficiently complementary to one of the nucleotide 
sequences shown in Appendix A such that it can hybridi2e to one of the nucleotide 
sequences shown in Appendix A, thereby forming a stable duplex. 
25 In still another preferred embodiment, an isolated nucleic acid molecule of the 

invention comprises a nucleotide sequence which is at least about 50-60%, preferably at 
least about 60-70%, more preferably at least about 70-80%, 80-90%, or 90-95%, and 
even more preferably at least about 95%, 96%, 97%, 9S%, 99% or more homologous to 
a nucleotide sequence shown in Appendix A, br a portion thereof. In an additional 
30 preferred embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleotide sequence which hybridizes, e.g., hybridi2es under stringent conditions, to one 
of the nucleotide sequences shown in Appendix A, or a portion thereof. 

Moreover, the nucleic acid molecule of the invention can comprise only a 
portion of the coding region of one of the sequences in Appendix A, for example a 
35 fragment which can be used as a probe or primer or a fragment encoding a biologically 
active portion of an MCT protein. The nucleotide sequences determined from the 
cloning of the MCT genes from C gluramicum allows for the generation of probes and 
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primers designed for use in identifying and/or cloning MCT hbmologues in other cell 
types and organisms, as well as MCT homologies from other Corynebacieria or related 
species. The probe/primer typically comprises substantially purified oligonucleotide. . 
The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes 
5 under stringent conditions to at least about 12, preferably about 25, more preferably 
about 40, 50 or 75 consecutive nucleotides of a sense strand of one of the sequences set 
forth in Appendix A, an anti-sense sequence of one of the sequences set forth in 
Appendix A, or naturally occurring mutants thereof. Primers based on a nucleotide 
sequence of Appendix A can be used in PCR reactions to clone MCT homologues. 

1 0 Probes based on the MCT nucleotide sequences can be used to detect transcripts or 
genomic sequences encoding the same or homologous proteins. In preferred 
embodiments, the probe further comprises a label group attached thereto, e.g. the label 
group can be a radioisotope, a fluorescent.compound, an enzyme, or an enzyme co- 
factor. Such probes can be used as a pan of a diagnostic test kit for identifying cells 

15 which misexpress an MCT protein, such as by measuring a level of an MCT-encoding 
nucleic acid in a sample of cells, e.g., delecting MCT mRNA levels or determining 
whether a genomic MCT gene has been mutated or deleted. 

In one embodiment, the nucleic acid molecule of the invention encodes a protein 
or portion thereof which includes an amino acid sequence which is sufficiently . 

20 homologous to an amino acid sequence of Appendix B such that the protein or portion 
thereof maintains the ability to participate in the metabolism of compounds necessary 
for the construction of cellular membranes in C. gluiamicum, or in the transport of 
molecules across these membranes. As used herein, the language " sufficiently 
homologous' 1 refers to proteins or portions thereof which have amino acid sequences . 

25 which include a minimum number of identical or equivalent (e.g., an amino acid residue 
which has a similar side chain as an amino acid residue in one of the sequences of 
Appendix B) amino acid residues to an amino acid sequence of Appendix B such that 
the protein or portion thereof is able to participate in the metabolism of compounds 
necessary for the construction of cellular membranes in C. gluicunicum, or in the 

30 transport of molecules across these membranes.. Protein members of such membrane 
component metabolic pathways or membrane transport systems, as described herein, 
may play a role in the production and secretion of one or more fine chemicals. 
Examples of such activities are also described herein. Thus, *ihe function of an MCT 
protein" contributes either directly or indirectly to the yield, production, and/or 

35 efficiency of production of one or more fine chemicals. Examples of MCT protein 
activities are set forth in Table 1 . 
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In another embodiment, ihe proiein is ax least about 50-60%, preferably at least 
about 60-70%, and more preferably at least about 70-80%, 80-90%, 90-95%, and most 
preferably at least about 96%, 97%, 98%, 99% or more homologous to an entire amino 
acid sequence of Appendix B. 
5 Portions of proteins encoded by the MCT nucleic acid molecules of the invention 

are preferably biologically active portions of one of the MCT proteins. As used herein, 
the term "biologically active portion of an MCT protein" is intended to include a 
portion, e.g., a domain/motif, of an MCT protein that participates in the metabolism of 
compounds necessary for the construction of cellular membranes in C gluiamicum^ or in 

10 the transport of molecules across these membranes, or has an activity as set forth in 

Table 1 . To determine whether an MCT protein or a biologically active portion thereof 
can participate in the metabolism of compounds necessary for the construction of 
cellular membranes in C gluiamicum, or in the transport of molecules across these 
membranes, an assay of enzymatic activity may be performed. Such assay methods are 

15 well known to those skilled in the art, as detailed in Example 8 of the Exemplification. 

Additional nucleic acid fragments encoding biologically active portions of an 
MCT protein can be prepared by isolating a portion of one of the sequences in Appendix 
B, expressing the encoded portion of the MCT protein or peptide (e.g., by recombinant 
expression in vitro) and assessing the activity of the encoded portion of the MCT protein 

20 or peptide. 

The invention further encompasses nucleic acid molecules that differ from one of 
the nucleotide sequences shown in Appendix A (and portions thereof) due to degeneracy 
of the genetic code and thus encode the same MCT protein as that encoded by the 
nucleotide sequences shown in Appendix A. In another embodiment, an isolated nucleic 

25 acid molecule of the invention has a nucleotide sequence encoding a protein having an 
amino acid sequence shown in Appendix B. In a still further embodiment, the nucleic 
acid molecule of the invention encodes a full length C gluiamicum protein which is 
substantially homologous to an amino acid sequence of Appendix B (encoded by an 
open reading frame shown in Appendix A). 

30 In addition to the C gluiamicum MCT nucleotide sequences shown in Appendix 

A, it will be appreciated by those skilled in the aft that DNA sequence polymorphisms 
that lead to changes in the amino acid sequences of MCT proteins may exist within a 
population (e.g., the C gluiamicum population). Such genetic polymorphism in the 
MCT gene may exist among individuals within a population due to natural variation. As 

35 used herein, the terms "gene" and "recombinant gene" refer to nucleic acid molecules, 
comprising an open reading frame encoding an MCT protein, preferably a C 
gluiamicum MCT protein. Such natural variations can typically result in 1-5% variance 
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in the nucleoiide sequence of the MCT gene. Any and all such nucleotide variations and 
resulting amino acid polymorphisms in MCT thai are the resulr of natural variation and 
thai do not alter the functional activity of MCT proteins are intended to be within the 
scope of the invention. 

5 Nucleic acid molecules corresponding to natural variants and non-C glutamicum 

homologues of the C glutamicum MCT cDNa of ihe invention can be isolated based on 
their homology to the C glutamicum MCT nucleic acid disclosed herein using the C 
glutamicum cDNA, or a portion thereof, as a hybridization probe according to standard 
hybridization techniques under stringent hybridization conditions. Accordingly, in 

1 0 another embodiment, an isolated nucleic acid molecule of the invention is at least 1 5 
nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. in other embodiments, the 
nucleic acid is at least 30, 50, 100, 250 or more nucleotides in length. As used herein, 
the term "hybridizes under stringent conditions" is intended to describe conditions for 

1 5 hybridization and washing under which nucleotide sequences at least 60% homologous 
to each other typically remain hybridized to each other. Preferably, the conditions are 
such that sequences at least about 65%, more preferably at least about 70%, and even 
more preferably at least about 75% or more homologous to each other typically remain 
hybridized to each other. Such stringent conditions are known to those skilled in the an 

20 and can be found in Current Protocols in Molecular Biology, John Wiley & Sons, N. Y. 
(1989), 6.3.1-6.3.6. A preferred, non-limiting example of stringent hybridization 
conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45°C, 
followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65°C. Preferably, an 
isolated nucleic acid molecule of the invention that hybridizes under stringent conditions 

25 to a sequence of Appendix A corresponds to a naturally-occurring nucleic acid 

molecule. As used herein, a "naturally -occurring" nucleic acid molecule refers to an 
RNA or DN A molecule having a nucleotide sequence that occurs in nature(e.g., 
encodes a natural protein). In one embodiment, the nucleic acid encodes a natural C. 
glutamicum MCT protein. 

30 In addition to naturally-occurring variants of the MCT sequence that may exist in 

the population, the skilled artisan will further appreciate that changes can be introduced 
by mutation into a nucleotide sequence of Appendix A, thereby leading to changes in the 
amino acid sequence of the encoded MCT protein, without altering the functional ability 
of the MCT protein. For example, nucleotide substitutions leading to amino acid 

35 substitutions at "non-essential" amino acid residues can be made in a sequence of 

Appendix A. A M non-essentiaT amino acid residue is a residue that can be aliered from 
the wild-type sequence of one of the MCT proteins (Appendix B) without altering the 
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activity of said MCT protein, whereas an "essential" amino acid residue is required for 
MCT protein activity. Other amino acid residues, however, (e.g., those that are not 
conserved or only semi-conserved in the domain having MCT activity) may not be 
essential for activity and thus are likely to be amenable to alteration without altering 
5 MCT activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding MCT proteins that contain changes in amino acid residues that are not 
essential for MCT activity. Such MCT proteins differ in amino acid sequence from a 
sequence contained in Appendix B yet retain at least one of the MCT activities 
1 0 described herein. In one embodiment, the isolated nucleic acid molecule comprises a 
nucleotide sequence encoding a protein, wherein the protein comprises an amino acid 
sequence at least about 50% homologous to an amino acid sequence of Appendix B and 
, is capable of participate in the metabolism of compounds necessary for the construction 

of cellular membranes in C glutamicum, or in the transport of molecules across these 
1 5 membranes, or has one or more activities set forth in Table 1 . Preferably, the protein 
encoded by the nucleic acid molecule is at least about 50-60% homologous to one of the 
sequences in Appendix B, more preferably at least about 60-70% homologous to one of 
the sequences in Appendix B, even more preferably at least about 70-80%; 80-90%, 90- 
95% homologous to one of the sequences in Appendix B, and most preferably at least 
20 about 96%i 97%, 98%, or 99% homologous to one of the sequences in Appendix B. 

To determine the percent homology of two amino acid sequences (e.g., one of 
the sequences of Appendix B and a mutant form thereof) or of two nucleic acids, the 
sequences are aligned tor optimal comparison purposes (e.g., gaps can be introduced in 
the sequence of one protein or nucleic acid for optimal alignment with the other protein 
25 or nucleic acid). The amino acid residues or nucleotides at corresponding amino acid 
positions or nucleotide positions are then compared. When a position in one sequence 
(e.g., one of the sequences of Appendix B) is occupied by the same amino acid residue 
or nucleotide as the corresponding position in the other sequence (e.g., a mutant form of 
the sequence selected from Appendix B), then the molecules are homologous at that 
30 position (i.e., as used herein amino acid or nucleic acid "homology" is equivalent to 
amino acid or nucleic acid "identity"). The percent homology between the two 
sequences is a function of the number of identical positions shared by the sequences 
(i.e., % homology = # of identical positionsAoial # of positions x 100). 

An isolated nucleic acid molecule encoding an MCT protein homologous to a 
35 protein sequence of Appendix B can be created by introducing one or more nucleotide 
substitutions, additions or deletions into a nucleotide sequence of Appendix A such that 
one or more amino acid substitutions, additions or deletions are introduced into the 
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encoded protein. Mutations can be introduced into one of the sequences of Appendix A 
by standard techniques, such as site-directed mutagenesis and PCR-mediated 
mutagenesis: Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A -conservative amino acid substitution" is ; 
5 one in which the amino acid residue is replaced with an amino acid residue having a 
similar side chain- Families of amino acid residues having similar side chains have been 
defined in the art. These families include amino acids with basic side chains (e.g., 
lysine, arginine, hisridine), acidic side chains (e.g., aspartic acid, glutamic acid), 
^ uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
10 tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, hisridine). Thus, a predicted nonessential amino acid residue in an MCT 
protein is preferably replaced with another amino acid residue from the same side chain 
15 1 family. Alternatively, in another embodiment, mutations can be introduced randomly 
along all or pan of an MCT coding sequence, such as by saturation mutagenesis, and the 
resultant mutants can be screened for an MCT activity described herein to identify 
mutants that retain MCT activity. Following mutagenesis of one of the sequences of 
Appendix A, the encoded protein can be expressed recombinantly and the activity of the 
20 protein can be determined using, for example, assays described herein (see Example 8 of 
the Exemplification). 

In addition to the nucleic acid molecules encoding MCT proteins described 
above, another aspect of the invention pertains to isolated nucleic acid molecules which 
" are antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence 
25 which is complementary to a "sense" nucleic acid encoding a protein, "e.g., 
complementary to the coding strand of a double-stranded cDNA molecule or 
complementary xo an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
complementary to an entire MCT coding strand; or to only a portion thereof. In one 
30 embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the 
* coding strand of a nucleotide sequence encoding an MCT protein. The term "coding 
region" refers to the region of the nucleotide sequence comprising codons which are 
a translated into amino acid residues (e.g., the entire coding region of SEQ ID RXA00001 

comprises nucleotides I to 1 128). In another embodiment, the antisense nucleic acid 
35 molecule is antisense to a "noncoding region" of the coding strand of a nucleotide 
sequence encoding MCT. The term "noncoding region" refers to 5 1 and 3' sequences 
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wluch flank the coding region that are not translated into amino acid, (i.e., also referred 
to as 5' and 3' untranslated regions). 

Given the coding strand sequences encoding MCT disclosed herein (e.g.. the 
sequences set forth in Appendix A), antisense nucleic acids of the invention can be 
5 designed according to the rules of Watson and Crick base pairing. The antisense nucleic 
acid molecule can be complementary to the entire coding region of MCT mRN A, but 
more preferably is an oligonucleotide which is antisense to only a portion of the coding 
or noncoding region of MOT mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the translation start site of MCT mRN A. An 
10 antisense'oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 
50 nucleotides in length. An antisense nucleic acid of the invention can be constructed 
using chemical synthesis and enzymatic ligation reactions using procedures known in 
me art ' For example, an antisense nucleic acid (e.g., an antisense oligonucleotide) can 
be chemically synthesized using naturally occurring nucleotides or variously modified 
1 5 nucleotides designed to increase the biological stability of the molecules or to increase 
the physical stability of the duplex formed between the antisense and sense nucleic 
acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be 
used. Examples of modified nucleotides which can be used to generate the antisense 
nucleic acid include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil. 
20 hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5- 
carboxymemylaminomemyl-2-miouri^^ 

dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1- 
methylguanine, 1 -methylinosine, 2^-dimethylguanine, 2-methyladenine, 2- 
methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7-methylguanine, 5- 

25 memylaminomeihylur^ 

mannosylqueosine, S'-methoxycarboxymemyluracil, 5-meihoxyuracU. 2-meihylthio-N6- 
isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil. queosine, 
2-thiocytosine, 5-methyI-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracu-5- 
oxyacetic acid methyiester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3- 

30 amino-3-N-2-carboxypropyl) uracil, tacp3)w, and 2,6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense orientation (i.e., RNA 
transcribed from the inserted nucleic acid will be of an antisense orientation to a target 
nucleic acid of interest, described further in the following subsection). 

35 The antisense nucleic acid molecules of the invention are typically administered 

to a cell or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding an MCT protein to thereby inhibit expression of the 



protein, e.g., by inhibiting transcription and/or translation. The hybridization can be by 
conventional nucleotide complementarity to form a stable duplex, or, for example, in the 
case of an antisense nucleic acid molecule which binds to DNA duplexes, through 
specific interactions in the major groove of the double helix. The antisense molecule can 
5 be modified such that it specifically binds to a receptor or an antigen expressed on a 
selected cell surface, e.g., by linking the antisense nucleic acid molecule to a peptide or 
an antibody which binds to a cell surface receptor or antigen. The antisense nucleic acid 
molecule can also be delivered to cells using the vectors described herein. To achieve 
sufficient intracellular concentrations of the antisense molecules, vector constructs in 
0 which the anrisense nucleic acid molecule is placed under the control of a strong pol II 
or pol 111 promoter are preferred. 

In y et another embodiment, the antisense nucleic acid molecule of the invention 
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RNA in which, contrary to the 
[ 5 usual p-units, the strands run parallel to each other (Gaultier et al. (1 987) Nucleic Acids. 
Res. 1 5:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 
methylribonucleotide (lnoue et al. (1987) Nucleic Acids Res 15:6131-6148) or a 
chimeric KNA-DNA analogue (lnoue et al. (1987) FEBS Lett 215:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a 
20 ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRNA, to which they 
have a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes 
(described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to 
catalytically cleave MCT mRNA transcripts to thereby inhibit translation of MCT 
25 mRNA. A ribozyme having specificity for an MGT-encoding nucleic acid can be 

designed based upon the nucleotide sequence of an MCT cDNA disclosed herein (i.e., 
RXA00001 in Appendix A). For example, a derivative of a Teirahymena L-19 1VS 
RNA can be constructed in which the nucleotide sequence of The active site is 
complementary to the nucleotide sequence to be cleaved in an MCT-encoding mRNA. 
30 See, e.g., Cech et al. U.S. Patent No. 4.987,071 and Cech et al. U.S. Patent No. 

5,1 16,742. Alternatively, MCT mRNA can be used to select a catalytic RNA having a 
specific ribonuclease activity from a pool of RNA molecules. See, e.g., Barrel, D. and 

Szostak/J.W. (1993) Science 261:1411-1418. * ■ 

Alternatively, MCT gene expression can be inhibited by targeting nucleotide 

35 sequences complementary to the regulatory region of an MCT nucleotide sequence (e.g., 
an MCT promoter and/or enhancers) to form triple helical structures that prevent 
transcription of an MCT gene in target cells. See generally, Helene, C. (1991) 



Anticancer Drug Des. 6(6):569-84; Helene. C. ei al. (1992) Ann. N.Y. Acad. Sri. 660:27- 
36; and Maher, L.J. (1992) Bioassays 14(12):807-15. 

B Recombinant Expression Vectors and Host Cells 
5 Another aspect of the invention pertains to vectors, preferably expression 

vectors, containing a nucleic acid encoding an MCT protein (or a portion thereof). As 
used herein, the term "vector" refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a circular double stranded DNA loop into which additional DNa 
1 0 segments can be ligated. Another type of vector is a viral vector, wherein additional 
DNA segments can be ligated into the viral genome. Certain vectors are capable of 
autonomous replication in a host cell into which they are introduced (e.g., bacterial 
vectors having a bacterial origin of replication and episomal mammalian vectors). Other 
vectors (e.g., nbn-episomal mammalian vectors) are integrated into the genome of a host 
1 5 cell upon introduction into the host cell, and thereby are replicated along with the host 
genome. Moreover, certain vectors are capable of directing the expression of genes , to 
which they are operatively linked. Such vectors are referred to herein as "expression 
vectors". In general, expression vectors of utility in recombinant DNA techniques are 
often in the form of piasmids. In the present specification, "plasmid" and "vector" can 
20 be used interchangeably as the plasmid is the most commonly used form of vector. 
However, the invention is intended to include such other forms of expression vectors, 
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
associated viruses), which serve equivalent functions.. 

The recombinant expression vectors of the invention comprise a nucleic acid of 
the invention in a form suitable for expression of the nucleic acid in a host cell, which 
means that the recombinant expression vectors include one or more regulatory, 
sequences, selected on the basis of the host cells to be used for expression, which is 
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 
interest is linked to, the regulatory sequence(s) in a manner which allows for expression 
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a 
host cell when the vector is introduced into the host cell). The term "regulatory 
sequence" is intended to include promoters, enhancers and other expression control 
elements (e.g., polyadenylation signals). Such regulatory sequences are described, for 
example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, CA ( 1 990). Regulatory sequences include those which 
direct constitutive expression of a nucleotide sequence in many types of host cell and 
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Typical fusion expression vector* include pGEX (Pharmacia Biotech toe- Smith. 
- D.B and Johnson. K.S. (1Mt) ^ 67:3M0,.pMAL (New England Bio,^ B.^" 
MA) and peUTS (Pharmacia, Piscataway, NJ) which „ 8 l om hL ^ 
(GST), maltose E bmdtng protein, or protein A, respectively, to the targe, recombinant 
protem. In one embodiment, the coding sequence of the MCT protein is cloned imo a 
pGEX express™ vector to create a vector encoding a fiction protem comprising, from 
the N-.ermrnus.otheC-terminus.GST.thrombin cleavage site-X protein. The fusion 
protem can be purified by affinity chromatography using glutathione-agarose resin. 

R^^'MeTproteinuru^edtoGSTcanberecoveredbycleavageofmefusion 
10 proiein with Thrombin. 

Examples of suitable inducible non-fusion £. calx expression vectors include 
pTrc(Amannetal., (1988) Cne 69:301-315) and P ET 1 Id (Studieret al Gene 

California (1990) 60-89), Target gene expression from the pTrc vector relies on hist 
15 RNA polymerase transcription from a hybrid trp-lac fusion promoter. Target gene 
expression from the pET 1 Id vector relies on transcription from a T7 gnlO-lac fusion 
promoter mediated by a coexpressed viral I^a polymerase (T7gnl). This viral 
polymerase is supplied by host strains BL21(DE3) or HMS17 4 (DE3) from a resident X 
prophage harboring a T7 gnl gene under the transcriptional control of the lacUV 5 - 
20 promoter. 

One strategy to maximize recombinant protein expression is to express the 
protem in a host bacteria with an impaired capacity to proteolytically cleave the 
recombinant protein (Gortesman, S., Gene Expression Technology: Mtthods in 
Enzymology 185, Academic Press, San Diego, California (1990) 1 1 9-128) Another 
strategy is to alter the nucleic acid sequence of the nucleic acid to be inserted into an 
expression vector so that the individual codons for each amino acid are those 

CWada«al,(1992)^/c^J ? «. 20:2111-2118). Such alteration of nucleic acid 
sequence, ofthe invention can be carried out by standard DNA synthesis techniques 

In another embodiment, the MCT protein expression vector is a yeast expression 
vector. Examples of vectors for expression in yeast S. cerMsoe include p YepSecl 
(Baldari et al., (1987) Embo J. 6:229-234). pMFa (Kurjan and Hexskowitz, (1982) Cell 
j0:933-943), pJRY88 (Schultz et al., (1987) Gene 54:1 13-123), and pYES2 (invitrogen 
Corporation. San Diego, CA). Vectors and methods for the construction of vectors 
appropriate for use in other fungi, such as the filamentous fungi, include those detailed 
in: van den Hondel, C.A.MJJ. & Punt, P .j. (1991 , - Gene fransftr ^ 
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cells in which the introduced MCT gene has homologously recombined wixh the 
endogenous MCT gene are selected, using an-known techniques. 

In another embodiment, recombinant microorganisms can be produced which 
contain selected systems which allow for regulated expression of the introduced gene. 
5 For example, inclusion of an MCT gene on a vector placing it under control of the lac 
operon permits expression of the MCT gene only in the presence of 1PTG. S uch 
regulatory systems are well known in the art. 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 
culture, can be used to produce (i.e., express) an MCT protein. Accordingly, the 
1 0 invention further provides methods for producing MCT proteins using the host cells of 
the invention. In one embodiment, the method comprises culruring the host cell of 
invention (into which a recombinant expression vector encoding an MCT protein has 
*P been introduced, or into which genome has been introduced a gene encoding a wild-type 
or altered MCT protein) in a suitable medium until MCT protein is produced. In another 
1 5 embodiment, the method further comprises isolating MCT proteins from the medium or 
the host cell. 

C. Isolated MCT Proteins 

Another aspect of the invention pertains to isolated MCT proteins, and 

20 biologically active portions thereof. An "isolated" or "purified" protein or biologically 
active portion thereof is substantially free of cellular material when produced by 
recombinant DN A techniques, or chemical precursors or other chemicals when 
chemically synthesized. The language "substantially free of cellular material" includes 
preparations of MCT protein in which the protein is separated from cellular components 

25 of the cells in which it is naturally or recombinantly produced. In one embodiment, the 
^ language "substantially free of cellular material' 1 includes preparations of MCT protein 
having less than about 30% (by dry weight) of non-MCT protein (also referred to herein 
as a "contaminating protein"), more preferably less than about 20% of non-MCT 
protein, still more preferably less than about 10% of non-MCT protein, and most 

30 preferably less than about 5% non-MCT protein. When the MCT protein or biologically 
active portion thereof is recombinantly produced, it is also preferably substantially free 
of culture medium, i.e., culture medium represents less than about 20%, more preferably 
less than about 10%, and most preferably less than about 5% of the volume of the 
protein preparation. The language "substantially free of chemical precursors or other 

35 chemicals- includes preparations of MCT protein in which the protein is separated from 
chemical precursors or other chemicals which are involved in the synthesis of the 
protein. In one embodiment, the language "substantially free of chemical precursors or 



other chemicals 1 ' includes preparations of MCT protein having less than about 30% (by 
dry weight) of chemical precursors or non-MCT chemicals, more preferably less than 
about 20% chemical precursors or non-MCT chemicals, still more preferably less than 
about 10% chemical precursors or-non-MCT chemicals, and most preferably less than 
5 about 5% chemical precursors or non-MCT chemicals. In preferred embodiments, 

isolated proteins or biologically active portions thereof lack contaminating proteins from 
the same organism from which the MCT protein is derived. Typically, such proteins are 
produced by recombinant expression of, for example, a C glutamic urn MCT protein in a 
microorganism such as C gluiamicum 

An isolated MCT protein or a portion thereof of the invention can participate in 
the metabolism of compounds necessary for the construction of cellular membranes in 
C. glutamicum, or in the transport of molecules across these membranes, or has one or 
more of the activities set forth in Table 1. In preferred embodiments, the protein or 
portion thereof comprises an amino acid sequence which is sufficiently homologous to 
an amino acid sequence of Appendix B such that the protein or portion thereof maintains 
the ability participate in the metabolism of compounds necessary for the construction of 
cellular membranes in C. glutumicum, or in the transport of molecules across these 
membranes. The portion of the protein is preferably a biologically active portion as 
described herein. In another preferred embodiment, an MCT protein of the invention 
has an amino acid sequence shown in Appendix B. In yet another preferred 
embodiment, the MCT protein has an amino acid sequence which is encoded by a 
nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to a 
nucleotide sequence of Appendix A. In still another preferred embodiment, the MCT 
protein has an amino acid sequence which is encoded by a nucleotide sequence that is at 
least about 50-60%, preferably at least about 60-70%, more preferably at least about 70- 
80%, 80-90%, 90-95%, and even more preferably at least about 96%, 97%, 98%, 99% 
or more homologous to one of the amino acid sequences of Appendix B. The preferred 
MCT proteins of the present invention also preferably possess at least one of the MCT 
activities described herein. For example, a preferred MCT protein of the present 
invention includes an amino acid sequence encoded by a nucleotide sequence which 
hybridises, e.g., hybridizes tinder stringent conditions, to a nucleotide sequence of 
Appendix A, and which can participate in the metabolism of compounds necessary for 
the construction of cellular membranes in C glutamicwn, or in the transport of 
molecules across these membranes, or which has one or more of the activities set forth 
in Table 1. 

In other embodiments, the MCT protein is substantially homologous to an amino 
acid sequence of Appendix B and retains the functional activity of the protein of one of 



xhe sequences of Appendix B yet differs in amino acid sequence due xo natural variation 
or mutagenesis, as described m detail in subsection I above. Accordingly, in another 
embodiment, the MCT protein is a protein which comprises an amino acid sequence 
which is at least about 50-60%, preferably ax least about 60-70%, and more preferably ax 
5 least about 70-80, 80-90, 90-95%, and most preferably at leas: about 96%, 97%, 98%, 
99% or more homologous to an entire amino acid sequence of Appendix B and which 
has at least one of the MCT activities described herein. In another embodiment, the 
invention pertains to a full length C. glutamicum protein which is substantially 
homologous to an entire amino acid sequence of Appendix B . 

Biologically active portions of an MCT protein include peptides comprising 
amino acid sequences derived from the amino acid sequence of an MCT protein, e.g., 
the an amino acid sequence shown in Appendix B or the amino acid sequence of a 
protein homologous to an MCT protein, which include fewer amino acids than a full 
length MCT protein or the full length protein which is homologous to an MCT protein, 
and exhibit at least one activity of an MCT protein. Typically, biologically active 
portions (peptides, e.g., peptides which are, for example, 5. 10, 15, 20, 30, 35, 36, 37, 
38, 39, 40, 50, 1 00 or more amino acids in length) comprise a domain or motif with at 
least one activity of an MCT protein. Moreover, other biologically active portions, in 
which other regions of the protein are deleted, can be prepared by recombinant 
techniques and evaluated for one or more of the activities described herein. Preferably, 
the biologically active portions of an MCT protein include one or more selected 
domains/motifs or portions thereof having biological acti vity . 

MCT proteins are preferably produced by recombinant DNA techniques. For 
example, a nucleic acid molecule encoding the protein is cloned into an expression 
vector (as described above), the expression vector is introduced into a host cell (as 
described above) and the MCT protein is expressed in the host cell. The MCT protein 
can then be isolated from the cells by an appropriate purification scheme using standard 
protein purification techniques. Alternative to recombinant expression, an MCT protein, 
polypeptide, or peptide can be synthesized chemically using standard peptide synthesis 
techniques. Moreover, native MCT protein can be isolated from cells (e.g., endothelial 
cells) v for example using an anti-MCT antibody, which can be produced by standard 
techniques utilizing an MCT protein or fragment thereof of this invention. 

The invention also provides MCT chimeric or fusion proteins. As used herein, 
an MCT "chimeric protein" or "fusion protein" comprises an MCT polypeptide 
operatively linked to a non-MCT polypeptide. An "MCT polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to an MCT protein, whereas 
a "non-MCT polypeptide" refers to a polypeptide having an amino acid sequence 



corresponding to a protein which is not substantially homologous to the MCT proiein, 
e.g., a protein which is different from the MCT protein and which is derived from the 
same or a different organism. Within the fusion protein, the term "operatively linked" is 
intended to indicate that the MCT polypeptide and the non-MCT polypeptide are fused 
in-frame to each other. The non-MCT polypeptide can be fused to the N-terminus or C- 
terminus of the MCT polypeptide. For example, in one embodiment the fusion protein 
is a GST-MCT fusion protein in which jthe MCT sequences are fused to the C-terminus 
of the GST sequences. Such fusion proteins can facilitate the purification of 
recombinant MCT proteins. In another embodiment, the fusion protein is an MCT 
protein containing a heterologous signal sequence at its N-terminus. In certain host cells 
(e.g., mammalian host cells), expression and/or secretion of an MCT protein can be 
increased through use of a heterologous signal sequence. 

Preferably, an MCT chimeric or fusion protein of the invention is produced by 
standard recombinant DNA techniques. For example, DN A fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance with 
conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termini, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation, in another embodiment, the fusion gene 
can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 
fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel 
et al. John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). An MCT- 
encoding nucleic acid can be cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the MCT protein. 

Homoiogues of the MCT protein can be generated by mutagenesis, e.g., discrete 
point mutation or truncation of the MCT protein. As used herein, the term ,, homologue ,, 
refers to a variant form of the MCT protein which acts as an agonist or antagonist of the 
activity of the MCT protein. An agonist of the MCT protein can retain substantially the 
same, or a subset, of the biological activities of the MCT protein. An antagonist of the 
MCT protein can inhibit one or more of the activities of the naturally occurring form of 
the MCT protein, by, for example, competitively binding to a downstream or upstream 
member of the cell membrane component metabolic cascade which includes the MCT 
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protein, or by binding to an MCT protein which mediates transport of compounds across 
such membranes, thereby preventing translocation from taking place. 

In an alternative embodiment, homologues of the MCT protein can be identified 
. w by screening combinatorial libraries of mutants, e.g., truncation mutants, of the MCT 
5 protein for MCT protein agonist or antagonist activity. In one embodiment, a variegated 
library of MCT variants is generated by combinatorial mutagenesis at the nucleic acid 
level and is encoded by a variegated gene library. A variegated library of MCT variants 
can be produced by, for example, enzymatically ligating a mixture of synthetic 
oligonucleotides into gene sequences such that a degenerate set of potential MCT 

1 0 sequences is expressible as individual polypeptides, or alternatively, as a set of larger 
fusion proteins (e.g., for phage display) containing the set of MCT sequences therein. 
There are a variety of methods which can be used to produce libraries of potential MCT 
■0 homologues from a degenerate oligonucleotide sequence; Chemical synthesis of a 

degenerate gene sequence can be performed in an automatic DNA synthesizer, and the 

15 synthetic gene then ligated into an appropriate expression vector. Use of a degenerate t 
set of genes allows for the provision, in one mixture, of all of the sequences encoding 
the desired set of potential MCT sequences. Methods for synthesizing degenerate 
oligonucleotides are known in the an (see, e.g., Narang, S.A. (1983) Tetrahedron 39:3; 
Itakura et aL (\9%4)Annu. Rev. Biochem. 53:323; Itakura et al. (1984) Science 

20 198:1056; Ike etal. (1983) ^iic/eir^vrf^. 11:477. / 
in addition, libraries of fragments of the MCT protein coding can be used to 
generate a variegated population of MCT fragments for screening and subsequent 
selection of homologues of an MCT protein. In one embodiment, a library of coding 
sequence fragments can be generated by treating a double stranded PCR fragment of an 

25 MCT coding sequence with a nuclease under conditions wherein nicking occurs only 
ijjpft about once per molecule, denaturing the double stranded DNA, renaturing the DNa to 
form double stranded DNA which can include sense/antisense pairs from different 
nicked products, removing single stranded portions from reformed duplexes by 
treatment with SI nuclease, and ligating the resulting fragment library into an expression 

30 vector. By this method, an expression library can be derived which encodes N-terminal, 
C-terminal and internal fragments of various sizes of the MCT protein. 

Several techniques are known in the an for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 

35 rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
MCT homologues. The. most widely used techniques, which are amenable to high 
through-put analysis, for screening large gene libraries typically include cloning the 
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gene library inio replicable expression vectors, transforming appropriate cells with the 
resulting library of vectors, and expressing the combinatorial genes under conditions in 
which detection of a desired activity facilitates isolation of the vector encoding the gene 
whose product was detected. Recursive ensemble mutagenesis (REM), a new technique 
5 which enhances the frequency of functional mutants in the libraries, can be used in 
combination with the screening assays to identify MCT homologues (Arkin and 
Yourvan (1992) PNAS 59:78 11 -78 15; Delgrave et al. (1993) Proitin Engineering 
6(3):327-331). 

In another embodiment, cell based assays can be exploited to analyze a 
10 variegated MCT library, using methods well known in the an. 



D Uses and Methods of the Invention 

The nucleic acid molecules, proteins, protein homologues, fusion proteins, 
primers, vectors, and host cells described herein can be used in one or more of the 

15 following methods: identification of C. glutamicum and related organisms; mapping of 
genomes of organisms related to C. glutamicum; identification and localization of C. 
glutamicum sequences of interest; evolutionary studies; determination of MCT protein 
regions required for function; modulation of an MCT protein activity; modulation of the 
metabolism of one or more cell membrane components; modulation of the 

20 transmembrane transport of one or more compounds; and modulation of cellular 
production of a desired compound, such as a fine chemical. 

The MCT nucleic acid molecules of the invention have a variety of uses, first, 
they may be used to identify an organism as being Corynebacterium glutamicum or a 
close relative thereof. Also, they may be used to identify the presence of C glutamicum 

25 or a relative thereof in a mixed population of microorganisms. The invention provides 
the nucleic acid sequences of a number of C. glutamicum genes; by probing the 
extracted genomic DNA of a culture of a unique or mixed population of microorganisms 
under stringent conditions with a probe spanning a region of a C. glutamicum gene 
which is unique to this organism, one can ascertain whether this organism is present. 

30 Although Corynebacterium glutamicum itself is nonpathogenic, it is related to 

pathogenic species, such as Corynebacterium diphtheriae. Detection of such organisms 
is of significant clinical relevance. 

Further, the nucleic acid and protein molecules of the invention may serve as 
markers for specific regions of the genome. This has utility not only in the mapping of 

35 the genome, but also for functional studies of C. glutamicum proteins, for example, to 
idennty the region of the genome to which a particular C. glutamicum DNA-binding 
protein binds, the C. glutamicum genome could be digested, and the fragments incubated 
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wiih the DNA-binding protein. Those which bind the protein may be additionally probed 
with the nucleic acid molecules of the invention, preferably with readily detectable 
labels; binding of such a nucleic acid molecule to the genome fragment enables the 
locali2ation of the fragment to the genome map of C. glufamicum, and, when performed 
5 multiple times with different enzymes, facilitates a rapid determination of the nucleic 
acid sequence to which the protein binds. Further, the nucleic acid molecules of the 
invention may be sufficiently homologous to the sequences of related species such that 
these nucleic acid molecules may serve as markers for the construction of a genomic 
map in related bacteria, such as Brevibacterium lacfofermenfum. 

1 0 The MCT nucleic acid molecules of the invention are also useful for 

evolutionary and protein structural studies. The metabolic and transport processes in 
which the molecules of the invention participate are utilized by a wide variety of 
Jfr prokaryotic and eukaryotic cells; by comparing the sequences of the nucleic acid 
molecules of the present invention to those encoding similar enzymes from other 

15 organisms, the evolutionary relatedness of the organisms can be assessed. Similarly, 
such a comparison permits an assessment of which regions of the sequence are 
conserved and which are not, which may aid in determining those regions of the protein 
which are essential for the functioning of the enzyme. This type of determination is of 
value for protein engineering studies and may give an indication of what the protein can 

20 tolerate in terms of mutagenesis without losing function. 

Manipulation of the MCT nucleic acid molecules of the invention may result in 
the production of MCT proteins having functional differences from the wild-type MCT 
proteins. These proteins may be improved in efficiency or activity, may be present in 
greater numbers in the cell than is usual, or may be decreased in efficiency or activity. 

25 . There are a number of mechanisms by which the alteration of an MCT protein of 

the invention may directly affect the yield, production, and/or efficiency of production 
of a fine chemical from a C. glufamicum strain incorporating such an altered protein. 
Recovery of fine chemical compounds from large-scale cultures of C gluiamicum is 
. significantly improved if C glufamicum secretes the desired compounds, since such 

30 compounds may be readily purified from the culture medium (as opposed to extracted 
from the mass of C glufamicum cells). By either increasing the number or the activity 
of transporter molecules which export fine chemicals from the cell, it may be possible to 
increase the amount of the produced fine chemical which is present in the extracellular 
medium, thus permitting greater ease of harvesting and purification. Conversely, in 

35 order to efficiently overproduce one or more fine chemicals, increased amounts of the 
cofactors, precursor molecules, and intermediate compounds for the appropriate 
biosynthetic pathways are required. Therefore, by increasing the number and/or activity 
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of transporter proteins involved in the import of nutrients, such as carbon sources (i.e., 
sugars), nitrogen sources (i.e., amino acids, ammonium sails), phosphate, and sulfur, it 
may be possible to improve the production of a fine chemical, due to the removal of any 
nutrient supply limitations on the biosynthetic process, further, fatty acids and lipids 
5 are themselves desirable fine chemicals, so by optimizing the activity or increasing the 
number of one or more MCT proteins of the invention which participate in the 
biosynthesis of these compounds, or by impairing the activity of one or more MCT 
proteins which are involved in the degradation of these compounds, it may be possible 
to increase the yield, production, and/or efficiency of production of fany acid and lipid 

10 molecules from C. glutamicum. 

The engineering of one or more MCT genes of the invention may also result in 
MCT proteins having altered activities which indirectly impact the production of one or 
'^JJF more desired fine chemicals from C .glutamicum. For example, the normal biochemical 
processes of metabolism result in the production of a variety of waste products (e.g., 

1 5 hydrogen peroxide and other reactive oxygen species) which may actively interfere with 
these same metabolic processes (for example, peroxynitrite is known to nitrate tyrosine 
side chains, thereby inactivating some enzymes having tyrosine in the active site 
(Groves, J.T. (1999) Curr. Opin. Chem. Biol. 3(2): 226-235). While these waste 
products are typically excreted, the C. glutamicum strains utilized for large-scale 

20 fermentative production are optimized for the overproduction of one or more fine 

chemicals, and thus may produce more waste products than is typical for a wild-type C. 
glutamicum. By optimizing the activity of one or more MCT proteins of the invention 
which are involved in the export of waste molecules, it may be possible to improve the 
viability of the cell and to maintain efficient metabolic activity. Also, the presence of 

25 high intracellular levels of the desired fine chemical may actually be toxic to the cell, so 
by increasing the ability of the cell to secrete these compounds, one may improve the 
viability of the cell. 

Further, the MCT proteins of the invention may be manipulated such that the 
relative amounts of various lipid and feny acid molecules produced are altered. This 

30 may have a profound effect on the lipid composition of the membrane of the cell. Since 
each type of lipid has different physical properties, an alteration in the lipid composition 
of a membrane may significantly alter membrane fluidity. Changes in membrane fluidity 
can impact the transport of molecules across the membrane, which, as previously 
explicated, may modify the export of waste products or the produced tine chemical or 

35 the import of necessary nutrients. Such membrane fluidity changes may also profoundly 
affect the integrity of the cell; cells with relatively weaker membranes are more 
vulnerable in the large-scale fermentor environment to mechanical stresses which may 
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damage or kill the cell. By manipulating MCT proteins involved in the production of 
fatty acids and lipids for membrane construction such that the resulting membrane has a 
membrane composition more amenable to the environmental conditions extant in tie 
cultures utilized to produce fine chemicals, a greater proportion of the C. gluramicum 
5 cells should survive and multiply. Greater numbers of C gluramicum cells in a culture 
should translate inio greater yields, production, or efficiency of production of the fine 
chemical from the culture. 

The aforementioned mutagenesis strategies for MCT proteins to result in 
increased yields of a fine chemical from C. gluramicum are not meant to be limiting; 

10 variations on these strategies will be readily apparent to one skilled in the art. Using 
such strategies, and incorporating the mechanisms disclosed herein, the nucleic acid and 
protein molecules of the invention may be utilized to generate C glummicum or related 
strains of bacteria expressing mutated MCT nucleic acid and protein molecules such that 
the yield, production, and/or efficiency of production of a desired compound is 

1 5 improved. This desired compound may be any natural product of C gluramicum, which 
includes the final products of biosynthesis pathways and intermediates of naturally- 
occurring metabolic pathways, as well as molecules which do not naturally occur in the 
metabolism of C. gluramicum, but which are produced by a C gluramicum strain of the 
invention. 
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This invention is further illustrated by the following examples which should, not 
be construed as limiting. The contents of all references, patent applications, patents, and 
published patent applications cited throughout this application are hereby incorporated 
by reference. 

Exemplification 

Example 1: Preparation of total genomic DNA of Corynebacttrium gluiamicum 
ATCC 13032 

A culture of Coryntbacterium gluiamicum (ATCC 13032) was grown overnight 
at 30°C with vigorous shaking in BHI medium (Difco). The cells were harvested by 
centrifugation, the supernatant was discarded and the cells were resuspended in 5 ml 
buffer-1 (5% of the original volume of the culture — all indicated volumes (have been 
calculated for 100 ml of culture volume). Composition of buffer-l: 140.34 g/1 sucrose, 
2.46 g/1 MgSO, x 7H 2 0, 10 ml/1 KH 2 P0 4 solution (100 g/1, adjusted to pH 6.7 with 
KOH), 50 ml/1 M12 concentrate (10 g/1 (NH^S<X 1 g/1 NaCl, 2 g/1 MgSO« x 7H 2 0, 
0.2 g/1 CaCl„ 0.5 g/1 yeast extract (Difco), 10 ml/1 trace-elements-mix (200 mg/1 FeSO, 
x H.O, 10 mg/1 ZnSO« x 7 3 mg/1 MnCl 2 x 4 H 2 O f 30 mg/1 H,BO, 20 mg/1 CoCl 2 x 
6 H 2 0, 1 mg/1 NiCl 2 x 6 H 3 0, 3 mg/1 Na 2 MoO« x 2 H 2 0, 500 mg/1 compiexing agent 
(£DTA or critic acid), 100 ml/1 vitamins-mix (0.2 mg/1 biotin, 0.2 mg/1 folic acid, 20 
mg/1 p-amino benzoic acid, 20 mg/1 riboflavin, 40 mg/1 ca-panthothenate, 140 mg/1 
nicotinic acid, 40 mg/1 pyridoxole hydrochloride, 200 mg/1 myo-inositol). Lysozyme 
was added to the suspension to a final concentration of 2 T 5 mg/ml. After an 
approximately 4 h incubation at 37*C, the cell wall was degraded and the resulting 
protoplasts are harvested by centrifugation. The pellet was washed once with 5 ml 
buffer-1 and once with 5 ml TE-buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8). The 
pellet was resuspended in 4 ml TE-buffer and 0.5 ml SDS solution (10%) and 0.5 ml 
NaCl solution (5 M) are added. After adding of proteinase K to a final concentration of 
200 fig/ml, the suspension is incubated for ca. 1 8 h ai 37°C The DNA was purified by 
extraction with phenol, phenol-chlorofonn-isoamylalcohol and chloroform- 
isoamylalcohol using standard procedures. Then, the DNA was precipitated by adding 
1/50 volume of 3 M sodium acetate and 2 volumes of ethanol, followed by a 30 min 
incubation at -20°C and a 30 min centrifugation at 12,000 rprn in a high speed centrifuge 
using a SS34 rotor (Sorvall). The DNA was dissolved in 1 ml T£-buffer containing 20 
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^g/ml RNaseA and dialysed at 4°C against 1 000 ml TE-buffer for at least 3 hours. 
During this time, the buffer was exchanged 3 times. To aliquots of 0.4 ml of the 
dialysed DNA solution, 0.4 ml of 2 M LiCl and 0.8 ml of exhanol are added. After a 30 
min incubation at -20°C, the DNA was collected by centiifugation (13,000 rpm, Biofuge 
5 Fresco, Heraeus, Hanau, Germany). The DNA pellet was dissolved in T£-buffer. DNA . 
prepared by this procedure could be used for all purposes, including southern blotting or 
construction of genomic libraries. 

Example 2: Construction of genomic libraries in Escherichia coli of Corynebucterium 

10 glutamicum ATCC13032. 

Starting from DNA prepared as described in Example 1 , cosmid and plasmid 
libraries were constructed according to known and well established methods (see e.g., 
Sambrook, J. ei ah (1989) "Molecular Cloning : A Laboratoiy Manual", Cold Spring 
Harbor Laboratory Press, or Ausubel, f.M. ei ai (1994) "Current Protocols in Molecular 

15 Biology", John Wiley & Sons.) 

Any plasmid or cosmid could be used. Of particular use were the plasmids pBR322 
(Sutcliffe, J.G. (1979) Proc. Natl. Acad. Sci. USA, 75:3737-3741); pACYC177 (Change & 
Cohen (1978) J, Bacteriol 134:1141-1 156), plasmids of the pBS series (pBSSK-r, pBSSK- and 
others; Stratagene, LaJolla, USA), or cosmids as SuperCosl (Stratagene, LaJolla, USA) or 

20 Lorist6 (Gibson, TJ., Rosenthal A. and Waterson, R.H. (1987) Gene 53:283-286. 

Example 3: DNA Sequencing and Computational Functional Analysis 

Genomic libraries as described in Example 2 were used for DNA sequencing 
according to standard methods, in particular by the chain termination method using 
25 ABI377 sequencing machines (see e.g., Fleischman, R.D. et al. (1995) "Whole-genome 
• Random Sequencing and Assembly of Haemophilus Influenzae Rd., Science, 269:496- 
512), Sequencing primers with the following nucleotide sequences were used: 5'- 
GGAAACaGTATGACCaTG-3' or 5*-GTAAAACGaCGGCCAGT-3\ 

30 Example 4: In vivo Mutagenesis 

In vivo mutagenesis of Curynebacterium glutamicum can be performed by passage of 
plasmid (or other vector) DNA through £ coli or other microorganisms (e.g. Bacillus spp. or 
yeasts such as Saccharomyces cerevisiae) which are impaired in their capabilities to maintain 



- 46 - 

the integrity of their generic information. Typical mutator strains have mutations in the genes 
for the DNA repair system (e.g., mutHLS, mutD, mutT, etc.; for reference, see Rupp, W.D. 
(1 996) DN A repair mechanisms, in: Escherichia coli and Salmonella, p. 2277-2294, ASM: 
Washington.) Such strains are well known to those skilled in the an. The use of such strains is 
5 illustrated, for example, in Greener, A. and Callahan, M. (1994) Strategies 7: 32-34. 

Example 5: DNA Transfer Between Escherichia colt and Corynebucterium 
glutamicum 

Several Corynebacterium and Brevibacttrium species contain endogenous 
10 plasmids (as e^g., pHM1519 or pBLl ) which xeplicate autonomously (for review see, e.g., 
Martin, J.F. et al (1987) Biotechnology, 5:137-146). Shuttle vectors for Escherichia coli 
and Corynebacterium glutamicum can be readily constructed by using standard vectors for 
E t-o/i (Sambrook, J- et al. (1989), "Molecular Cloning: A Laboratory Manual", Cold ^ 
Spring Harbor Laboratory Press or Ausubel, F.M. et al (1994) -Current Protocols in 
1 5 Molecular Biology", John Wiley & Sons) to which a origin or replication for and a 

suitable marker from Corynebacterium glutamicum is added. Such origins of replication 
are preferably taken from endogenous plasmids isolated from Corynebacterium znd. 
Brevibacterium species. Of particular use as transformation markers for these species are 
genes for kanamycin resistance (such as those derived from the Tn5 or Tn903 
20 transposons) or chloramphenicol (Winnacker, EX. (1987) "From Genes to Clones — 

Introduction to Gene Technology, VCH, Weinheim). There are numerous examples in the 
literature of the construction of a wide variety of shuttle vectors which replicate in both E. 
coli and C. glutamicum, and which can be used for several purposes, including gene over- 
expression (for reference, see e.g., Yoshihama, M. et al. (1985) J. Bacterioi. 162:591-597, 
25 Martin J.F. et al. (1987) Biotechnology, 5:137-146 and Eikmanns, BJ. et al. (1991 ) Gene, 
102:93-98). 

Using standard methods, it is possible to clone a gene of interest into one of the 
shuttle vectors described above and to introduce such a hybrid vectors into strains of 
Corynebacterium glutamicum. Transformation of C glutamicum can be achieved by 
30 protoplast transformation (Kastsumata, R. et al. (1984) J. Bacterioi. 159306-3 1 1), 

electroporation (Liebl, E. et al. (1989) FEMS Microbiol. Letters, 53:399-303) and in cases 
where special vectors are used, also by conjugation (as described e.g. in Schafer, A et al. 
(1990) J. Bacterioi. 172:1663-1666). It is also possible to transfer the shuttle vectors for 



C gluiamicum to E. coli by preparing plasmid DNa from C glutamicum (using standard 
methods well-known in the an) and transforming it into £. colL This transfonnation step 
can be performed using standard methods, but it is advantageous to use an Mcr-deficiem 
E coli strain, such as NM522 (Gough & Murray (1983) J. Mol. Biol. 166:1-19). 

Example 6: Assessment of the Expression of The Mutant Protein 

Observations of the activity of a mutated protein in a transformed host cell rely on 
the fact that the mutant protein is expressed in a similar fashion and in a similar quantity 
to that of the wild-type protein. A useful method to ascertain the level of transcription of 
the mutant gene (an indicator of the amount of mRNA available for translation to the gene 
product) is to perform a Northern blot (for reference see. for example. Ausubel et al. 
(1988) Current Protocols in Molecular Biology, Wiley: New York), in which a primer 
designed to bind to the gene of interest is labeled with a detectable tag (usually radioactive 
or chemilurainescent), such that when the total RNA of a culture of the organism is 
extracted, run on gel, transferred to a stable matrix and incubated with this probe, the 
binding and quantity of binding of the probe indicates the presence and also the quantity 
of mRNA for this gene. This information is evidence of the de;gree of transcription of the 
mutant gene. Total cellular RNA can be prepared from Corynebacterium gluiamicum by 
several methods, all well-known in the art, such as that described in Bormann, E.R. et al. 
(1992) Mol Microbial. 6: 317-326. 

To assess the presence or relative quantity of protein translated from this mRNA, 
standard techniques, such as a Western blot, may be employed (see, for example, Ausubel 
et al. (1988) Current Protocols in Molecular Biology, Wiley: New York). In this process, 
total cellular proteins are extracted, separated by gel electrophoresis, transferred to a 
matrix such as nitrocellulose, and incubated with a probe, such as an antibody, which 
specifically binds to the desired protein. This probe is generally tagged with a 
chemiluminescent or colorimetric label which may be readily detected. The presence and 
quantity of label observed indicates the presence and quantity of the desired mutant 
protein present in the cell. 



Example 7: Growth of Genetically Modified Corynebucierium gluxamicum — Media 
and Culture Conditions 

Genetically modified Coryrurbacreria are cultured in synthetic or natural growth 
media. A number of different growth media for Corynebacteria are both well-known and 
5 readily available (Lieb ex al (1989) Appl. Microbiol. Biotechnol., 32:205-210; von der 
psienerai (1998) Biotechnology Letters, 11:1 1-16; Pateni DE 4,120,867; Liebl (1992) 
"The Genus Corynebacienum, in: The Procaryotes, Volume II, Balows, A. er al, eds. 
Springer-Verlag). These media consist of one or more carbon sources, nitrogen sources, 
inorganic salts, vitamins and trace elements. Preferred carbon sources are sugars, such as 
0 mono-, di-, or polysaccharides. For example, glucose, fructose, mannose, galactose, 
ribose, sorbose, ribulose, lactose, maltose, sucrose, raffmose, starch or cellulose serve as 
very good carbon sources. It is also possible to supply sugar to the media via complex 
compounds such as molasses or other by-products from sugar refinement. It can also be 
advantageous to supply mixtures of different carbon sources. Other possible carbon 
sources are alcohols and organic acids, such as methanol, ethanol, acetic acid or lactic 
acid Nitrogen sources are usually organic or inorganic nitrogen compounds, or materials 
which contain these compounds. Exemplary nitrogen sources include ammonia gas or 
ammonia salts, such as NH«C1 or (NH,) 2 SO„ NH.OH, nitrates, urea, amino acids or 
complex nitrogen sources like com steep liquor, soy bean flour, soy bean protein, yeast 
extract, meat extract and others. 

Inorganic salt compounds which may be included in the media include the 
chloride-, phospHorous- or sulfate- salts of calcium, magnesium, sodium, cobalt, 
molybdenum, potassium, manganese, zinc, coj>per and iron. Chelating compounds can be 
added to the medium to keep the metal ions in solution. Panicularly useful chelating 
compounds include dihydroxyphenols, like catechol or protocatechuate, or organic acids, 
such as citric acid: It is typical for the media to also contain other growth factors, such as 
vitamins or growth promoters, examples of which include biotin, riboflavin, thiamin, folic 
acid, nicotinic acid, pantothenate and pyridoxin. Growth factors and salts frequently 
originate from complex media components such as yeast extract, molasses, com steep 
liquor and others. The exact composition of the media compounds depends strongly on 
the immediate experiment and is individually decided for each specific case. Information 
about media optimization is available in the textbook "Applied Microbiol. Physiology, A 
Practical Approach (eds. P.M. Rhodes, P.f . Stanbury, IRL Press (1997) pp. 53-73, ISBN 0 
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» 9*3577 3). ., „ ai«, po^bte to select grow* medja ftom ^ 

>21 C, or by sKnle filtration 3T«co m pone„ K caneilhtlbeslMi2ed . 
necessary, separately. ^ media compon „ B can bc ^ ^ ^ 

„ "t^r can optionally be added continuously or batchwise 

^tdture conditions art defined separately for each experim&rt. The temperature 
houldbe m arangeb«ween ,5-Cand45-C. The remperarure can be kept constant or can 
b*al,eredduring*e experiment The P H of , he medium should be in the range of 5 ro 
8.5. preferably around 7.0, and can be mainlined by the addition of buffers ,o rhe media 
An exemplary buffer for this purpose is a potassium phosphate buffer. Syndic buffers' 
>uch as MOPS, HEPES, ACES and others can amatively or simultaneously be used It 
is also possible to maintain a constant culture pH through the addition of NaOH or 
NH.OH during growth. If complex medium components such as yeas, extract are utilized 

15 ^-^foradmuonalbuffersmaybereduced.duetom.faarhatmanycomplex ' 
compounds have high buffer capacities. If a fermentor is utilized for culmring the micro- 
organtsms, , he pH can also be controlled using gaseous ammonia. 

Themcubanond meUusuaUvtoaragcfomMvm|luiirstosevCTai<ja 

nmets select in order to permit themaximal amoun, of product to accumulate in the 
-0 brom. The disclosed grow* experiments can be carried out in a variety of vesse!s, such as 
rmcrouter plates, glass tubes, glass flasks or glass or metal fermentors of different sizes 
For screening a large number of clones, the microorganisms should be cultured in 
mtcrotitcr plates, glass tubes or shake flasks, either with or wirhou, baffles. Preferably 
10C ml snake flasks are used, filled wim ,0% (by volume) of the required grow* 
medtum. Tie flasks should be shalfenon a totiuy shaker (ampUtude 25 mm, using a 
speed-range of ,00 - 300 rpm. Evaporation losses can be diminished by the man™ 
of a humtd annosphoe; alternatively, a mathematical correction for evaporation losses 
should be performed. 

If genetically modified clones are tested, an unmodified conrrol clone or a control 
clone containing me basic p.asmid without any insert should also be tested. The medium 
* moculated to an OfWof 0.5 - u using ce.,s grown on agar plates, such as CM plates 
(10g4 glucose, 2.5 g* NaCl, 2 gfl ur«. ,0 g/. pblypeprone, 5 g* yea* extract, 5 g/1 meat 
extract, 22 grf NaCl. 2 g/. urea. . 0 g/1 polypeptone. 5 g/1 yeast extract. 5 gfl meat exnact. 
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22 f a88r * PH6 ' 8 " ith 2M Na ° H) ** -ubated at 30'C. Inoculation of the 

ZTcL7 mpli * h T eirher imroducrion of a saline suspension of c - 

from CM plates or addition of a liquid preculture of this bacterium. 

Example 8 - In vara Analysis of the Function of Mutant Proteins 

The determination of activities and kinetic parameters of enzymes is well 
established in the an. Experiments to determine the activity of any given altered 
enzyme must be tailored to the specific activity of the wild-type enzyme, which is well 
withm the ability of one skilled in the an. Overviews about enzymes in general, as well 
as specie details concerning structure, kinetics, principles, methods, applications and 
examples for the determination of many enzyme activities may be found, for example in 
the following references: Dixon, M., and Webb, E.C.. (1 979) Enzymes. Longmans- 
London; Fersht, (1985) Enzyme Structure and Mechanism, freeman: New York- ' 
Walsh, (1979) Enzymatic Reaction Mechanisms. Freeman: San Francisco; Price N C 
15 Stevens, L. (1982) Fundamentals of Enzymology Oxford Univ. Press: Oxford- Boyer " 
P.O., ed. (1 983) The Enzymes, 3" ed. Academic Press: New York; Bisswanger H ' 
(1994) Enzymkinetik, 2" ed. VCH: Weinheim (ISBN 3527300325); Bergmeyer H U 
B ergmeyer. J., GraBl, M., eds. (1983-1986) Methods of Enzymatic Analysis. 3* ed., vol. 

. (1987) vol. a9, "Enzymes". VCH: Weinheim, p. 352-363. 

The activity of proteins which bind to DNa can be measured by several well- 
established methods, such as DNA band-shift assays (also called gel retardation assays) 
The effect of such proteins on the expression of other molecules can be measured using 
reponer gene assays (such as that described in Kolmar, H. et al. (1995) EMBO J 14- 
-5 ,895-3904 and references cited therein). Reponer gene test systems are well known and 
jM> established for applications in both pro- and eukaryotic cells, using enzymes such as 
beta-galactosidase, green fluorescent protein, and several others. ' , 

The determination of activity of membrane-transpon proteins can be performed 
according to techniques such as mose described m Geiinis, R.B. (1989) "Pores 
Channels and Transports", in Biomembranes, Molecular Structure and Function 

Sponger: Heidelberg, p. 85-137; 199-234; and 270-322. 
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Example 9: Analysis of Impact of Mutant Protein on the Production of the Desired 
Product 

The effect of the genetic modification in C gtuiamicum on production of a 
desired compound (such as an amino acid) can be assessed by growing the modified 
microorganism under suitable conditions (such as those described above) and analyzing 
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• the medium and/or the cellular component for increased production of the desired 
product (i e., an amino acid). Such analysis techniques are well known to one skilled in 
the an, and mclude spectroscopy, ihin layer chromatography, staining methods of 
various lands, enzymatic and microbiological methods, and analytical chromatography 
such as htgh performance liquid chromatography (see, for example, Ullman 
Encyclopedia of Industrial Chemistry, vol. A2, p . 89-90 and p 443-613 VCH- 
Weinheim (1985); Fallon, A. et al., (1987) "Applications of HPLC in Biochemistry" in- 
Laboratory Techniques in Biochemistry and Molecular Biology, vol. 17; Rehm et al 
(1993) Biotechnology, vol. 3, Chapter III: ' Product recovery and purification" page 
469.714, VCH: Weinheim; Belter. P.A. etal. (1988) Bioseparations: downstream 
processing for biotechnology, John Wiley and Sons; Kennedy, J.F. and Cabral j M S 
(1992) Recovery processes for biological materials, John Wiley and Sons; Shaeiwitz, 
J.A. and Henry, J.D. 0988) Biochemical separations, in: Ulmann's Encyclopedia of 
Ladustnal ChemisTry, vol. B3, Chapter 1 1, page 1-27, VCH: Weinheim; and Dechow 
F.J. (1 989) Separation and purification techniques in biotechnology, Noyes 
Publications.) 

In addition to the measurement of the final product of fermentation, it is also 
possible to analyze other components of the metabolic pathways utilized for the 
production of the desired compound, such as intermediates and side-products to 
determine the overall efficiency of production of the compound. Analysis methods 
include measurements of nutrient levels in the medium (e.g., sugars, hydrocarbons 
nitrogen sources, phosphate, and other ions), measurements of biomass composition and 
growth, analysis ;of the production of common metabolites of biosymheric pathways and 
measurement ofgasses produced during fermentation. Standard methods for these ' 
measurements are outlined in Applied Microbial Physiology, a Practical Approach 
P.M. Rhodes andP.F. Stanbury. eds.. IRL Press, p. 103-129; 131-163; and 165-19? 
(ISBN: 0199635773) and references cited therein. 

Example 10: Purification of the Desired Product from C. glutamics Culture 

Recovery of the desired product from the C. gluramicum cells or supernatant of 
the above-described culture can be performed by various methods well known in the an. 
If the desired product is not secreted from the cells, the cells can be harvested from the 
culture by low-speed centrifugation, the cells can be Iysed by standard techniques, such 
asmechamcalforceorsomcation. The cellular debris is removed by centrifugation, and 
the supernatant fraction containing the soluble proteins is retained for further 
purification of the desired compound. If the product is secreted from the C. gluramicum 
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»RXA00281-amino acid sequence 
(1-684, translated) 228 residues 

MINVEGLTKQ YGQVRAVDDL SFEVKPGIVT GFLGPNGAGK STTMRLILGL DNPTAGHATI EGQPYRSLKN 
PLTKVGAliLD AKATHPNRTA ENHLKWIARA NGLSTKRVDE VLTLVGLTGV GSKKTGGFSL GMGQRLGLAA 
ALLGDPEYXiI LDEPVNGLDP EGIHWVRTLL QNIAKQGRTV LVSSHLLSEM AQTAEHLIVI GRGKLVADMP ' 
MHEFVRSHSA STVWRAA 

>RXAO 02 81 -nucleotide sequence A: upstream 

GGTTGACTCTTTGGCTTTGATGCCAGCATTCGCCAAAGCGTGGCCCTCTTTAAGAAAGCTACTGAACACAACAGAGT 
AGGTTTATGCGACACTGGTGCGC 

>RXA0 02 81 -nucleotide sequence B: coding region 
ATGATCAACGTTGAAGGCCTCACCAAACAATATGGTCAGGTCCGC 

CGGAATAGTGACCGGATTTCTCGGCCCCAACGGCGCCGGAAAATCCACCACGATGCGGCTGATCC 
ATCCAACTGCAGGGCATGCCACGATCGAAGGACAACCCTACCGATCGCTCAAAAATCCCCTj^ 

CTGCT TGATGCCAAAGCAACACACCCAAATAGAACAGCAGAAAACCACCTCAAGTGGATCGCCCGTGCAA^ T 
GTCCACCAAAAGAGTCGATGAAGTTCTCACCCTCGTGGGACTGACTGGTGTTGGGTCAAAGAAGACCGGTGGG 
CACTAGGCATGGGCCAACGTGTAGGACTTGCTGCAGCATTGCTCGGCGATCCGGAATACTTAATTCTCGACGAACCC 
GTCAACGGCCTTGACCCAGAAGGCATTCACTGGGTGCGCACCTTGT^ 

GCTCGTGAGTTCCCACCTGCTGTCCGAGATGGCGCAAACTGCGGAAC^TTTGATCGTGATTGGGCGTGGCAAGCTGG 
TCGCCGATATGCCCATGCATGAGTTTGTGCGCTCCCATTCCGCTTCCACAGTTGTGGTGCGGGCAGCA , 



\ 
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»RXA00590-amino acid sequence '* " " ' " " 

(1-387, translated) 129 residues 

MRWLFLAVL GWAGGVTLS TTGNPAAEAF QHAAGDIGLR IFGAVLWAAS ISSVIGASYT SATFLVENKP 
EKKRLQNWVT IIFILISCSV FIMLGTAPAI LLVFAGAFNG LVLPVGFTLM IYVAIFRQK 
>RXA005 90 -nucleotide sequence A: upstream 

TACGCTGGCGCACACCGCATGCTGGACTCCGGACGAACCGGCCCCAACACGTCAAAGCTGTTTCCAATTCTCTATC^ 
CCGGCATCCTGATCACTGGCCTC 

>RXA0 05 90 -nucleotide sequence B: coding region 

ATGCGCGTGGTGCTCTTCCTCGCGGTTCTCGGTGTTGTCGCAGGT^ . 

CGCGGAAGCATTCCAGCACGCTGCAGGCGATATCGGACTACGCATCTTCGGCGCCGTGCTGTGGGCAGCGTCCATTT 
CCTCAGTCATCGGCGCCAGCTACACCTCTO 

TGGGTGACCATCATCTTCATCCTGATTTCTTGCTCCGTGTTCATCATGGTCGGCACGGCACCAGCAATCCTCTT 

CTTCGCCGGAGCATTCAACGGTTTGGTCCTCCCCGTAGGCTTTACCCTGATGATCTACGTAGCGATCTTCCGCCAAA 
AA 
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»RXA00623-amino acid sequence 
(1-1338, translated) 446 residues 

MDSNTESSSV EVKNEHIKVQ KPPKKDRTHW LYIAVTIALI GGITLGLISP E LGKE FKILG TMFVSLIKMI 
IAPVIFCTIV IGIGSVKAAA TVGRAGGIAL AYFITMSTFA LAVGLLVGNF IQPGSGLNIS VDEESSFAST 
ESSPEGLLGF IHSIIPETFF SAFTDGSVLQ VLFIAILVGF AAQSMGEKGQ PILDFVSHLQ KLIFKILNWI 
LWIAPVGAFG AMAGWGETG FDAWQLGIL, ILAFYVTCVI FIFGVLGAVL KVFTGVNIFK LVKYIAKEFL 
LIFATSSSES ALPNXiMRKME HIGVAKPTVG IWPTGYSFN LDGTAIYLTM ASIFIADAMN MPMSLGEQVG 
LLVFMIIASK GAAGVSGAGI ATLAAGLSSH RPELLHGVDV IVGIDKFMSE ARALTNFAGN SVATLLVGKW 
TGTVDMNQVH DVLNGKSPFV ELEEDH 

>RXA00 62 3 -nucleotide sequence A: upstream. 

TTTAAGCTTCGTCGGCAACGATCACACCACGTTAA&TTTCGACCATCAATG 

CAAAAAGGTCGAAGAGGAAGTTC 

>RXA0 062 3 -nucleotide sequence B: coding region 

ATGGATTCAAACACAGAATCTTCAAGTGTTGAGGTCAAAAACGAACAC^ 

CCGCACTCACTGGCTCTACATTGCGGTCATTATCGCATTGATTGC^ 

TGGGCAAAGAA.TTCAAGATTTTGGGCACCATGTTTGTGTCCTTGATCAAGATGATTATCGCTCCAGTTATTTTCTGC 
ACCATCGTCATCGGAATCGGTTCAGTCAAGGCAGCGGCAACAGTCGGACGCGC 

CATCACGATGTCCACATTCGCACTCGCAGTTGGCCTGCTAGTCGGTAACTTCATCCAGCCAGGTAGCGGACTGA 
TCTCAGTTGATGAAGAATCTTCATTCGCATCCACAGAGAG&^ 

ATCCCTGAAACGTTCTTCTCTGCATTTACTGATGGTTCGGTGCTGCAGGTACTGTTCATCGCGATCCTCGTGGGCTT 
TGCAGCTCAGTCGATGGGTGAAAAGGGACAGCCCATCCTTG^ 

TTTTGAACTGGATTCTGTGGCTCGCCCCAGTCGGTGCATTCGGTGCAATGGCCGGCGTCGTTGGCGAAAGAGGCTTT 
GATGCCGTTGTTCAGCTCGGTATTTTGATCCTCGCCTTTTACGTCACGTGCGTGATCTTCATCTTTGGCGTGCTGGG 
CGCCGTACTGAAGGTGTTC^CCGGCGTGAATATCTTCAAGCT 

TTGCTACCTCATCCTCTGAATCTGCCTTGCCAAACCTCATGCGCAAGATGGAACACATCGGTGTGGCTAAACCAACC 
GTCGGAATCGT(^TCCCAACCGGCTATTCCTXCAACTTGGACGGCACCGGAATTTACCTCACCATGGCATCTATCTT 
CATTGCCGACGCGATGAATATGCCGATGAGCCTCGGCGAGCAGGTCGGTCTGCTTGTCTTCATGATCATCGCATCCA 
AGGGCGCTGCTG^TGTCTCGGGTGCCGGTATTGCAA 

CACGGCGTTGACGTGATTGTGGGCATCGATA&ATTCATGTCTGAAGCCCGCGC 

CGTGGCAACACTGCTGGTCGGCAAGTGGACTGGCACCGTGGACATGAACGAAGTCCATGACGTTT 

CTCCATTTGTGGAGTTAGAAGAAGACCAC 

>RXA0 0623 -nucleotide sequence C: downstream 

TAGT TT TCAACAGGACGACAACG x 
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»RXA00690-amino acid sequence 
(1-1146/ translated) 382 residues 

VKWIERYVLS . RRMVHPWAWW VWALG I AGCA SMTNNPYILA LTFATLCFW FNRRGSSPWS RAFPIYLMIA 
GWLWYRLVM, HIWGAKIGT IELFRIPPVQ LPEWAAGIHV FGTVYLEGLI IATTQGLTLG TMIVAVGAAN 
SLADPKKLLK SLPGALGELG TAWIGISIA PQMAESAFRI NRARTLRGDD AKGVRGFARI LMPVFQDTLD 
RSLALANSMD ARGYGRQAHV SKFQQRVTSI FGAFGILGVT VGLFWLDAS SPMFVAVPVF ITGVGFLIIS 
LWASHRKTS TTFDQLPWGA AEVTLVC I TGV IPLLMAALTR YLDPGSMITT WPLHMPDTV PLLWAGLW 
ATMPGFLT PR LPKNKVRVKR RKAINSPERA EV 
>RXA00 690-nucleotide sequence A: upstream 

ATGGATCATTGGACTCACACTGGCTGTCATTTCCTTGGTTTCAGCGTCTGCTGTGGCGGCGTGGGCGAtTCGTCGTT 
CAGAGGTCCAGGGTTAAAGCTTC 

>RXA00690-nucleotide sequence B: coding region » 
GTGAAATGGATTGAGCGATATGTGCTGTCCCGGCGGATGGTTCATCCCTGGG^ 

TGCTGGTTGTGCCAGCATGACCAACAATCCTTATATTTTGGCGCTCACTTTTGCCACGTTGTGTTTTGTGGTGTTTA 
ACCGTCGTGGGTCATCGCCGTGGTCGCGTGCTTTCCCGATCTATTTGATGATCGCGGGTTGGCTCGTGGTGTACCGG 
* TTGGTCATGCACATTGTGGTGGGAGCAAAAATTGGCAC^ 

ATGGGCTGCGGGTATCCACGTGTTTGGCACGGTGTATCTCGAGGGTCTGATCATCGCGACGACGGAAGGCTTAACGC 
TTGGAACGATGATCGTGGCGGTGGGTGCTGCGAACTCTTTGGCGGATCCCAAGAAGCTGCTCAAATCGTTC^CTGGC 
GCATTGGGCGAACTGGGAACTGCGGTGGTCATCGGTATTTCCAT 

TAATCGTGCACGAACCTTGCGTGGTGATGATGCCAAAGGTGTTCGTGGTTTCGCGCGGATTTTGATGCCGGTTTTCC 
^(^AGGACACTTTGGATAGGTCTTTGGCCCTGGCTAATTCCATGGATGC 

AAATTCCAACAGCGTGTGACCTCTATTTTTGGTGCATTCGGAATACTCGGCGTGACCGTTGGTCTGTTTGTGGTCTT 
AGATGCATCATCACCGATGTTCGTTGCCGTTCCGGTGTTTATTACCGGCGTGGGCTTCTTGATCATTTCGTTGGTCG 
TTGCTTCACATAGAAAAACATCGACCACTTTTGATCAGTTGCCTTG^ 

G^TGTGATTCCGCTGCTCATGGGTGCGCTGACACGATACCTTGATCCAGGTTCCATGATCACCACCTGGGTTCCTTT 

GCATATGCCAGACACCGTTCCGTTGCTCGTTGTGGCAGGACTTGTTGTGGCGACGATGCCAGGATTCTTGACGCCCC 

GCTTGCCGAAGAACAAAGTGAGGGTGAAGCGTCGAAAAGGAATAAATAGCCGAGAAAGGGCCGAAGTT 

>RXAO 06 90 -nucleotide sequence C: downstream 

TAATGAGTGCTCCTTTTAGCGCG 1 



BASF Aktiengesellsclxaft ... .J9906A9 CUZ,. 0050/50126* 

• ••• • • • • • * 

• •*••?• I I •* • I Appendix A & B 

• »»••• 

• • • • — • • - • • • •• 

»RXA007 02-amino acid sequence 
(1-1320, translated) 440 residues 

LGLPPAVMRK RVEETLDLLG IAELRYVPLA ELSGGEQQRV AIGAVLTTRP AIiIILDEPTS ALDPNGAEDV 
LATVTKLAHD IiAMTWLAEH RIERVLQYVD RVAHVGADGH VTVGTPEEIM ADSDVAPPIV ELGRWAGWAP 
LPLS IRDARA HSADMRKRLY QRGLWNKLH NHAVQPLLIA ED IMVDFPE I RAVDGVNLNL NSGE ITVIiMG 
RNGCGKSSLL WALQGSGTRN QGSVQVUDEA AGFSWTDPKT LKPAKRRNLV SMVPQTPTDI LYESTVHAEL 
ARSDKDAAAP AGTTRE ILDS LVPNIPDHLH PRDLSEGQKL SLALSIQLAA KPRWFFDEP TRGLDYDGKK 
SLARS FQQLA DDGHAILWT HDVEFSALCA DRVIiFMASGK IISDGTAVEI LPASPAYAPQ VAKI TAG I QE 
ESHWLTVSAV KAALGHGEIS 

>RXA0 07 02 -nucleotide sequence B: coding region 

TTAGGGCTCCCACCTGCGGTCATGCGCAAGCGCGTAGAGGAAACCCTTGATCTTTTAGGCATCGCGGAGCTGCGATA 

CGTGCCATTGGCGGAACTATCTGGTGGTGAGCAGCAGCGCGTGGCGATTGGCGCGGTGCTGACCACTCGCCCCGCG 

TGATTATCTTGGATGAACCAACCAGCGCTTTGGACCCTAATGGTGCCGAGGATGTGCTGGCAACCGTAACCAAGCTG 

GCTCATGACTTGGCGATGACCGTAGTGCTTGCTGAACACCGCATCGAGCGCGTACTGCAGTACGTGGACCGCGTGGC 

GCATGTGGGCGCTGATGGGCACGTCACTGTTGGGACGCCGGAAGAAATCATGGCTGATTCTGATGTGGCACCACCCA 

TTGTGGAATTAGGACGCTGGG^TGGCTGGGCTCCCCTACCGCTATCGATCCGCGATGCACGCGCACACTCCGCTGAC 

ATGCGCAAACGCCTGTATCAGCGTGGT T TAGTGGTGAACAAATTACACAACCACGCTGTCCAGCCACTTT TGATCGC 

CGAAGATATCATGGTTGATTTCCCCGAAATCCGTGCCGTTGACGGGGTGAACTTGAATCTCAACTCCGGTGAAATTA 

CCGTGCTCATGkSGCCGAAACGGCTGCGGAAAATCATCCCTGCTGTGGGCTTTACAAGGTTCAGGGACTAGAAATCAG 

GGCTCGGTGCAGGTGCTTGATGAGGCCGCGGGATTTTCGTGGA(^GACCCCAAAACTTTAAAGCCCGCCAAGCGGCG 

CAATCTTGTGTCCATGGTTCCGCAAACACCGACCGATATTTTGTATGAATCAACCGTGCATGCAGAGCTC 

CTGATAAAGATGCCGCAGCACCCGCCGGCACCACGCGGGAAATC^ 

CTCCACCCACGTGATCTATC^GAAGGCC^U^AAGCTC 

GGTATTTTTCGACGAACCCACCCGCGGCCTAGACTACGACGGCAAGAAATCCCTCGCCCGCTCCTTCCAACAACTCG 

CAGACGACGGCCACGCCATTTTGGTGGTCACCCACGACGTGGAATTCTCTGCACTGTGCGCCGACCGAGTGTTGTTT 

ATGGCCTCTGGAAAGATCATCTCCGATGGCACAGCCGTAGAAATCCTCCCCGCATCACCGGCTTACGCCCCACAAGT 

CGCAAAAATCACCGCCGGCATCCAAGAGGAATCACACTGGCTCACAGTCTCGGCCGTGAAAGCTGCGCTAG 

GTGAAATCTCA 

>RXA00702-micleotide sequence C: downstream 
TGATCAACGCCATCACACTCAAG 
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»RXA0 0851 -amino acid sequence 
(1-609; translated) 203 residues 

MNSIPLGFYV DKQSWHSFP ALWKFPLLLF FIIGGSIAAS TFVHGLILVG IAWFYVLAK IPLKVAWEQL 
WPVLPILIML GAFQWWQRGF DFAATTVLTL FSAVMAAMLL TLTTRLEALM NAVERMLQPF ARFGLPVETI 
TLAISLTIRL IPLQLATVKE VUDARKARGA GFS IAAFGTP VIIRSIKRAR NIGDALLARG AGD 
>RXA00851 -nucleotide sequence A: upstream 

TTGAGCGGGTCATTTGCATCAATGATCATAAAATCGCTGCTGATGGCCCTCCGCAAAAGTCCATTGACCTGTACGTA 
TCGCTTATGGCGGAACCTGCGAA 

>RXA00851 -nucleotide sequence B: coding region 

ATGAACAGTATTCCTTTAGGTTTTTACGTCGATAAGCAATCTGTTGTTCATTCTTTTCCTGCTTTGTGGAAATTCCC 
ACTTCTGCTGTTTTTCATCATCGGCGGCTCCATCGCGGCTTCTACCCCGGTTCATGGGTTGATTTTGGTGGGGATTG 
CAGTGGTGTTTTACGTGCTGGCGAAGATTCCGCTGAAGGTCGCGTGGGAGCAGTTGTGGCCAGTGCTGCCGATTTTG 
ATCATGGTCGGTGCGTTTCAGTGGTGGCAGCGCGGCTTTGATTTCGCGGCAACCACAGTGCTCACGCTGTTTTCCC^ 
GGT GAT GGCCGC CAT GTTGTTGACGTTGACCACGCGGTTGGAAGCGCTCATGAATGCAGTTGAG^ 
CTTTTGCACGTTTTGGCCTGCCAGTAGAGACGATCACCTTGGCTATTTCTCTCACGATTCGGCTCATTCCGCTGCAA 
TTAGCCACGGTGAAGGAAGTCCTCGATGCCCGTAAAGCTCGTGGTGCCGGTTTTTCTATCGCCGCGTTTGGCACGCC 
. TGTGATCATCAGATCAATAAAGAGGGCCCGGAATATCGGCGATGCTCTTCTCGCACGTGGTGCCGGCGAT 
>RXA008 51 -nucleotide sequence C: downstream 
TAATTTC TT TCAACACATAGCAA 
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»RXA00827-amino acid sequence 
(1-753, translated) 251 residues 

VNLLIKINPV TRIIALMVLT TPLLLSUDVM SAAIALVATI I LAP FAGVTW KMLLKRGWML FLMAPVAALS 
MALYGRPDGK EYFSFLLIHV TDNSLAXAAA IGLRVLAIGL PWVLIARID ' PTDLGDGLAQ LLKLPERFVI 
GAVAGSRLMT LFREDWYSMS RARRARGIAD QGKIKHFFTM TFGLLVLSLR RGSKLATAME ARGFGRTTGR ^ 
TWARESTVGA RDLVLILVCA AISAIALTVS IQTGFFKFLG T 
>RXA0 082 7 -nucleotide sequence A: upstream 

TGCGTGAATTAACAGACAACGGAATCAGCATTGTGTCAGTAACCCATGATCCTGATTTCATCGCAGCGCTGGGCGAT 
CACCACATTGAGGTGAGCGCGAA 

>RXA00827-nucleotide sequence B: coding region 

GTGAACCTGCTGATCAAAATTAATCCCGTCACCCGCATCATCGCGTTGATGGTACTGACCACGCCGTTGCTGCTGAG 
TTTGGATGTGATGTCGGCAGCGATCGCGCTGGTGGCAACCATTATTCTGGCACCATTTGCCGGCGTGACCTGGAAGA 
TGCTGCTGAAACGTGGCTGGATGCTGTTCCTCATGGCACCGGTG^TGCATTATCCATGGCGCTTTATGGCAGGCCG 
GATGGAAAAGAGTACTTTAGCTTCCTGCTCATTCACGTCACTGATAATTCACTGGCTTTGGCTGCTGCCATTGGGCT 
GCGTGTTCTGGCGATTGGTCTGCCCGTTGTGGTGCTGATTGCTCGCATTGATCCCACCGACCTGGGCGATGGTTTGG 
CGCAGCTGCTCAAACTGCCTGAAAGGTTTGTCATCGGTGCTGTGGCAGGAAGCCGACTGATGACGCTTTTTCGGGAA 
GATTGGTACTCCATGTCCAGGGCAAGGCGTGCCCGCGGAATT 

GACTTTTGGTTTGTTGGTGCTCTCGCTTCGCCGTGGATCCAAGCTTGCAACGGCGATGGAAGCACGCGGTTTTGGTC 
GCACGACTGGCCGCACCTGGGCAAGGGAATCCACCGTCGGCGCGCGCGATCTGGTGCTCATCTTGGTGTGTGCTGCC 
ATTTCCGCGATCGCTCTAACCGTGTCCATTCAGACTGGTTTCTTTAAGTTCTTGGGCACA 
^>RXA0 082 7 -nucleotide sequence C: dovmstream 
TGATCACAGTTTTAATTGATGGA 
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»RXA00852-amino .acid sequence 
(1-690, translated) 230 residues 

MPEIIFDNTE VRYDDSLILE PLSLKLTEQR I G I 1 GANGGG KSTLIRMING LGE PT TGRVL VDGLDVSHSG 
REVRKKVGFV FSDAENQIVM PTVREDIAFS LRRHKMPRAE KAQRVDEMMA RFNLSEHADQ SPHTLSGGQK 
QLIiALAAVLI LEPEVI IADE PTTLLDLRNR LMIKDVFNKL EQQLIWSHD LDFLSDFERV ICINDHKIAA 
DGPPQKSIDL YVSLMAEPAK 

>RXA00852-nucleotide sequence A: upstream 

AGATCACCGTCATGGTCATAATCGCCGCTGGAGTTGATGCAG 

ACTTTTCCTCAGAATTGCAGTTC 

>RXA0 08 52 -nucleotide sequence B: coding region 

ATGCCCGAGATCATTTTTGACAACACTGAAGTACGCTACGATGACTCGCTCATTTTAGAGCCGCTATCGTTAAAACT 
GACAGAACAACGCATTGGCATCATCGGGGCTAACGGCGGTGGAAAATCCACGCTCATCA 

GCGAACGAACCACAGGGCGTGTTCTAGTTGATGGCCTTGACGTCTCGCATTCCGGACGGGAAGTTCGC1AAGAAGGTT 

GGATTTGTCTTCTCTGACGCTGAAAACCAGATCGTGATGCCAACTGTGCGTGAGGATATTGCCTTCTCGCTTCGCCG 

GCACAAAATGCCACGCGCTGAAAAGGCGGAACGTGTCGACGAGATGATGGCGCGAT 

ATCAATCACCGCACACCCTATCCCkSTGGTGAAAAGCAGTTGTTAGCGCTGGCTGCAGTACT 

GTGATGATCGCTGATGAGCCCACTACCCTGCTGGATCTGCGGAATAGGCTGATGAT 

CGAGCAGCAATTAATCGTTGTCAGCCATGATTTAGATTTCCTCAGCGATTTTGAGCGGGTCATTTGCATCAATGATC 
ATAAAATCGCTGCTGATGGCCCTCCGCAAAAGTCCATTGACCTGTACGTATCGCTTATGGCGGAACCTGGGAAA 
>RXA0 0852 -nucleotide sequence C: downstream 
^TGAACAGTATTCCTTTAGGTTTT 
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»RXA00828— amino acid sequence 
(1-369, translated) 123 residues 

EHQFVARTVR DELE IGPKIM KVDASERIEE LLDRLRLRHL ENANPFTLSG GEKRRLSVAT ALVAAPKLLI 
LDEPTFGQDP ETFTELVTML RELTDNGISI VSVTHDPDFI AALGDHH IEV SAK 
>RXA0 082 8 -nucleotide sequence B: coding region 
GAGCACCAATTTGTGGCGCGCACTGTGCGTGATGAGCTAGAAATTGGTC 

GC GCATCGAGGAGTTGCTTGATCGGTTGCGCCTCCGCCACTTAGAAAATGCTAATCCGTTTACCTTGAGTGGTGGAG 
AAAAGCGCCGCCTATCTGTGGCCSACAGCCTTGGTGGCAGCACCGAAACTTCTCATTTTGGATGAGCCTACGTTTGGC 
CAAGATCCCGAGACCTTCACAGAGCTGGTGACGATGTTGC^ 

AACCCATGATCCTGATTTCATCGGAGCGCTGGGCGATCACCACATTGAGGTGAGCGCGAAG 
>RXA00828-nucleotide sequence C: downstream 
TGAACCTGCTGATCAAAATTAAT , 1 
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»RXA00962-ainino acid sequence 
(1-666, translated) 222 residues 

DKAIKADHDI REGHDE PAGF KDL.L.VDRYRW ISIWFALATF VTLLAWYGLG TWLPRLMETA GYEFGHALMF 
TLALNL.GAVI GSWTAWAGD RFGPIRSGVI AAGIAGIALL LLiLTYPPVTA VYVILILAGV GTHGTQILII 
AAVANFYPSN LRG T ALGWAL GVGRIGAWA PQLAGLLLAW HLGVNSNFIM FGTAALLSAL AL.SVX.LR1.QK 
TYSVTHKVEI - QG 

>RXA00962-nucleotide sequence B:. coding region 
GATAAGGCCATCAAGGCGGATCACGACATTAGAGAAGGCCACGATGAGCCAGCAGG^ 

TCGCTACCGCTGGATCTCCATTTGGTTCGCGCTCGCCACATTTGTCACCCTGCTCGCGTGGTACGGACTGGGCACAT 
GGTTGCCTCGCCTCATGGAAACTGCAGGTTATGAGTTCGGCCATGCATTGATGTTCA. 

GCAGTGATCGGATCCGTGGTTACTGCGTGGGCCGGCGATCGCTTCGGGCCAATCCGTTCCGGTGTCATCGCTGCAGG 
TATCGCCGGTATTGCACTGCTCCTGCTGCTCACTTACCCGCCTGTCACCGCGGTTTATGTCATTCTCATTTTGGCTG 
GCGTGGGCACCCACGGCACTCAGATCCTC^TCATTGCAGCTGTCGCCAACTTCTACCCAAGCAACCTGCGTGGCAC^ 
GCACTGGGCTGGGCGCTAGGTGTAGGTCGTATTGGTGCTGTTGTGGCCCCGCAGCTCGCTGGCCTGCTGCTGGCATG 
GAACTTGGGCGTGAACTCCAACTTCATCATGTTCGC^ 

TGCGCCTGCAGAAAACCTACAGGGTCACCCACAAAGTCGAAATCCAAGGC ' 
>RXA00962-nucleotide sequence C: downstream 
TAACCCCCTTTTTCAACTCACAG 
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»RXA0 1584 -amino acid sequence 
(1-543, translated) 753 residues 

WFLGALL GAVIMGGFYP AFIQAGSTVF GGGHWLPLL EKLWAPGFI KETDFLSGYS AAQAVPGPMF 
SFASYLGAIY GG I GGAVLAS LAIFFPAALL SISGMYFWGR WRKAPRIQAA VTGINAGWG LLGAALYDFV 
FTHGITSVSA LAIATVCWLG LAHWKIPPWA IAAGAALAGW VT.T. 
>RXA0 1584 -nucleotide sequence A: upstream 

CCACCCCCTTCCCCGCTACGCGCCATACCGGCTTGGGCGGGCATCGGATCACTA 
>RXA0 1584 -nucleotide sequence B: coding region 

GTGGTGTTTTTGGGCGCACTTCTCGGCGCCGTAATCATGGGCGGGTTTTATCCAGCATTCATTCAAGCCGGATCCAC 

AGTGTTCGGCGGCGGCCACGTGGTTTTGCCACTGCTGGAAAAGCTCGTTGTTGCGCCCGGTTTTATTAAAGAAACCG 

ACTTGCTATCCGGCTACTCCGCAGCGCAGGCAGTGCCTGGCCCCATGTTCAGCTTCGCCAGCTACCTCGGCGCAATC 

TACGGTGGCATCGGTGGTGCAGTGCTGGCCAGCCTGGCGATCTTCTTCCCCGCCGCACTCTTGAGCATCAGCGGA 

GTACTTTTGGGGACGCTGGCGAAAAGCACCGCGCATCCAAGC^^ 

TTTTGGGCGCAGCGCTCTACGATCCCGTATTCACCCACGGCATC^^ 

TGTTGGCTGGGGCTAGCCCACTGGAAAATTCCGCCGTGGGCCATCGCCGCGGGTGCGGCCCTTGCAGGCTGGGTCTT 
GCTT 

>RXA01584 -nucleotide sequence C: downstream 
TAGAAAACGCTCAGACCCAAACC 
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»RXA01538-amino' acid sequence 
(1-390, translated) 130 residues 

MAD NKN ADDS QLVSASTGTP GPGDIAKANA PSLKQAAVTA SGRSALMGAI FLMATSAIGP GFLTQTAVFT 
NQLGAAFAFA ILVSILIDIA VQLNVWRIIG VSEMRAQELG NTVIPGFGWV LAVLVCIGGV - 
>RXA01538-nucleotide sequence. A: upstream 

TCTAAACTCACTCTCAACTCACCAAGATTGTTGAACAATCTGCGATTGGTGTGCAATCTACCCCAATGATTTTG 
GCCCCCACGAAAGGAGCGCGACA 

>RXA0 1538 -nucleotide sequence B: coding region 
ATGGCCGACAACAAAAATGCCGATGACAGCC^GCTAGTCTCAGC 

AAAAGCCAATGCGCCATCCCTCAAGCAAGCTGCAGTAACCGCCTCTGGCCGAAGCGCTCTGATGGGTGCCATCTTCC 
TCATGGCAACTTCTGCCATCGGCCCAGGGTTCCTCAC^ 

GCATTTGCGATCCTGGTGTCGATCCTCATTGACATCGCGGTGCAGCTGAATGTGTGGCGCATCATCGGCGTCTCTGA 
AATGCGCGCCCAAGAACTCGGCAACACGGTTATCCCAGGTTTTGGTTGGGTGCTGGCCGTACTGGTCTGTATTGGCG 
GCGTA 
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»RXA01727-amino acid sequence 
(1-1278, translated) 426 residues 

MSKKSVLITS LMLFSMFFGA GNLIFPPMLG LSAGTNYLPA I LGFLAT S VL LPVLAIIAW LSGENVKDMA 
SRGGKI FGIjV FPIAAYLSIG AFYALPRTGA VSYSTAVGVD NALYSGLFNF VFFAVALALS WNPNGIADKL 

gkwltpax.lt liwlwlsv akldgtpgep ssayaqqpag agllegymtm daiaalafgi wisafkyqk 
vnkvrtatw safiagilla lvylglgsig qwngefadg tailnyaals tmgqagrimf vai l i lacmt 
tavglisats effnsllpgv kyhvwatvfa lisfgvatmg ldtvlavaap visfiypsai TLVFLSLIEP 
llfrlkwtyl fgiwtawwa lfmsipalnp fiewaplhsm slgwwpvlv asaiglaidw nkkgaqsvak 

KESISV \ 

>RXA01 727 -nucleotide sequence A: upstream 

agcttttggtggtttcacc^cctgcgctcgtcttaattttgcgtgttccagagagacccttgaggaggggctgcgcc 
gtatcgccagcgtgttgtaaata 

>RXA01727-nucleotide sequence B: coding region 

atgagtaaaaagtctgtcctgattacttctttgatgctgttttccat 

gccgatgcttggattgtcggcaggaaccaactatctaccagctatcttaggatttctagcaacgagtgtt 
cggtgctggcgattatcgcggtggtgttgtcgggagaaaatgtcaaggacat 

ggcctggtgtttcctattgctgcctatttgtctatcggcgggttttacgcgctgccgaggactggggcggtgagcta 

ttcgacggcggttggcgtcgataatgcgctttattcgggcttgtttaac^ 

tgtcgtggaatccgaatggcattgcagacaagttgggtaagtggctc^^ 

ctggtggtgttgtcggtagccaagttggatggcacgccaggtgagccaa 

ggcgggtttgcttgagggctacatgacgatggatgcgattgctgcgttggcgtttggcatc 

tc^^gtaccaaaaggttaag^ggtccgcacggcaactgtcg 

gtttatcttggtttgggctcaatcggtc^^gtagtaaacggtgagttcgctgatggc^ 

tgcactgtccacgatgggtcaggctggtcgcatcatgttcgtggctattttgatccttgcatgtatgac 

ttggtctgatcagtgcgacgtctgagtttttc^ttcgctgctgccaggtgtcaagtaccacgt^ 

ttcgcgctgatttcctttggcgttgccaccatgggtttggatac^ 

catttaccgatcggccatcaccttggtgttcttgtcgctcatcgagcccctgctgttccgtctcaagtggacctacc 
tattcgk^^tttggactgcagttgtgtgggcgctgttc^tgtctatc^ 

ccgctgcacagcatgtctttgggttgggttgtcccagttctcgtggcctctgccatcggtttggctattgattgg^ 
c^agaaaggtgcccagtctgttgcaaagaaggaatccatttccgtc 

>RXA0 172 7 -nucleotide sequence C: downstream 

taatcgctaattgcgaggagtct 
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»RXA02115-amino acid sequence 
(1-1197/ translated) 399 residues • 

TRATKSVGTV LALLWFAIVL DGFDLWLGA TIPSMLEDPA WDLTAGQATQ ISTIGLVGMT IGALTIGFI/T 
DRLGRRRVML FSVAVFSVFT LLLAFTTNVQ LFSLWRFLAG VGLGGAL P T A IAMVTEFRPG TKAGSASTTL, 
MTGYHVGAVA TAF^GLFLID GFGWHSMFIA GAVPGLILLP LLYFFLPESP QYLKISGKLD EAQAVAASYG 
LSLDDDLDRE HEEELGESSS LSSLFKPSFR RNTLAIWGTS FMGLLLVYGL NTWLPQIMRQ ADYDMGNSLG 
FLMVLNIGAV IGLYIAGRIA DKNSPRKTAL VWFVFSAFSL ALLAVRMPLI GLYGIVT.LTG IFVFSSQVLI 
YAFVGENHPA KMRATAMGFS AG I GKLGAI S GPLLGGLLVS ANLAYPWGF 
>RXA02115-nucleotide sequence B: ,coding region 

ACCCGCGCAACCAAAAGTGTCGGAACAGTTCTCGCACTCCTGTGGTTCGCAATTGTCCTCGACGGCTTTGAGCTAGT 
CGTCCTGGGTGCAACAATCCCGTCCATGCTGGAGGATCCCGCGTGGGATCTGACTGCTGC^CAGGCCACACAGATTT 
CCACCATCGGCCTCGTCGGCATGACCATTGGCGCACTGACCATCGGTTTCTTAACGGACCGTCTGGGTCGACGCCGT 
GTCATGCTGTTCTCTGTGGCAGTATTTTCTGTATTCACTCTCCTGCTGGCATTCACCACCAACGTCCAGCTCTTCAG 
CCTGTGGCGTTTCCTCGCAGGTGT,TGGCCTTGGTGGAGCACTCCCCACCGCAATTGCCATGGTGACCGAGTTCCGCC 
CCGGCACCAAAGCGGGCTCTGCATCCACCACCTTGATGACCGGCTACGACGTCGGCGC^ 

GGCCTCTTCCTTATCGACGGCTTTGGTTGGCACTCCATGTTCATCGCAGGTGCCGTACCAGGACTGATCCTGCTACC 

ACTGCTGTACTTCTTCCTTCCAGAATCCCCGCAGTACCTCAAAATCTCCGGCAAGTTGGATGAGGCG 

CAGCATCTTATGGACTTTCCCTGGATGATGATCTTGATCGCGAACACGAAGAAGAACTCGGCGAGTCCTCCTCACTT 

TCCTCCCTGTTCAAGCCCTCGTTCCGCCGCAACACCCTG(^GATTTGGGGCACCTCATTCATGGGACTCCTCCTGGT 

CTACGGCCTGAACACATGGCTGCCACAAATCA.TGCGCCAAGCAGACTACGACATGGGTAACT 

TGGTGCTCAACATCGGCGCAGTGATCGGCCTTTATATTGCAGGGCGAATTGCCGATAAGAACTC 

GCACTCGTATGGTTCGTGTTCTCTGCATTTTCCCTCGCGTTGCTTGCTGTCCGGATGCCACTGATCGGTCTGTATGG 
CATCGTGCTGCTCACCGGCATCTTTGTGTTCAGCTCCCAGGTACTCATC 

CCAAGATGCGCGCAACCGCCATGGGATTCTCCGCAGGAATTGGTGGCCTCGGCGCCATCTCTGGCCCGTTGCTTGGT 
GGTCTGCTTGTCAGTGCCAACCTTGCTTACCCATGGGGCTTC 



BASF Aktiengesellsctiaft 990619__ O.Z, 0050/50126 

Appendix A & B 

»RXA02 020 -amino acid sequence 
(1-1011, translated) 337 residues 

MAKSNE GLGT ' GLRTRHLTMM GLGSAIGAGL FXGTGVGIRA AGPAVLLAYI IAGAIWLVM QMLGEMAAAR 
PASGSFSRYG EDAFGHWAGF SLGWL.YWFML IMVMGAEMTG AAAIMGAWFG VEPWIPSLVC WFFAWNLV 
AVRGFGE FE Y WFAFIKVAVI IAFLIIGIAL IFGWLPGSTF VGTSNFIGDH GFMPNGI SGV AAGLLAVAFA 
v FGGIEIVTIA AAESDKPREA ISLAVRAVIW RISVFYLGSV LVITFLMPYE SINGADTAAE S PFTQ I LAMA 
NIPGTVGFME AIIVLALLSA FN AQ I Y AT S R LVFSMANRQD APRVFSKLST SHVPTNA 
>RXA02020-nucleotide sequence .A: upstream 

TTGGTCAATCAAGCGTGAATCCGGCTTCCATGAGCCAGTTGCCCGCCTCAAAGCTTGACCCATTTTCATAACCAGTG 
CCATGTGGGTTTACGGTTGATAC * 1 

>RXA0 2 020 -nucleotide sequence B: coding region 
ATGGCTAAATCTAATGAAGGGCTGGGAACCGGACTTCGGACCC 
TGGTGCCGGACTGTTCCTCGGCACCGGCGTTGGTATCCGCGCAC^ 

CCGGAGCCATCGTTGTGCTTGTTATGCAAATGCTCGGCGAGATGGCTGCTGCCCGTCCCGCCTCCGGATCGTTTTCA 
CGTTACGGCGAGGATGCTTTCGGCCACTGGGCTGGTTTCTCCCTCGGTTGGTTGTACTGGTTCATGCTGATTATGGT 
GATGGGCGCCGAAATGACTGGCGCTGCTGCCATCATGGGTGCATGGTTCGGCGTCGAACCGTGGATTCCTTCGCTTG ^ 
TCTGCGTGGTCTTCTTCGCTGTGGTGAACCTCGTCGCGGTTCGCGGTTTCGGTGAATTCGAGTACTGGTTCGCATTC 
ATTAAGGTCGCGGTGATCATCGCTTTCCTCATCATTGGTATTGCTCTTATTTTCGGATGGCTTCCCGGATCCACCTT. 
TGTTGGAACCTCAAACTTCATCGGTGATCACGGATTCATGCCCAATGGTATTTCTGGTGTTGCTGCTGGTTTGCTCG 
? CGGTGGCTTTTGCCTTTGGTGG^TTGAAATTGTCAC 

I^TQCCTGGCGGTGCGTGCCGTGATTTGGCGTATTTCAGTCTTTTACTTGGGCTCTGTTTTG^ 
GCCTTATGAGTCGATCAATGGTGCCGACACCGCTGCGGAATCCCCCTTCA 

CTGGCACGGTTGGTTTCATGGAAGCGATCATCGTTCTAGCACTGCTTTCCGCTTTCAACGCCCAAATCTATGCCACT 

TCTCGTTTGGTATTTTCCATGGCGAATCGACAAGACGCT^ 

CACCAATGCG ) 
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»RXA022 61 -amino acid sequence 
(1-1356, translated) 452 residues 

MDPSDLAWIL AAFALVSLMF PGLSLLYGGM LGGQHVLNTF MMVMSSLGII SLVYIIYGHG IATLGNS IGGW 
GI IGNPLEYF GFRNIMEDDG TGDLMWAGFY ILFAAISLAL VSSGAAGRMR FGAWLVFGVL WFTFVYAPLA 
IfWVFAIDDPE SG YVGGWMKN VLEFHDFAGG TAVHMNAGAS GLAIAIVLGR RHSMAVRPHN LPLILIGAGL 
IVAGWFGFNG GTAGGANFLA SYWVTSLIA AAGGMMGFML VERVFSGKPT FFGSATGT I A GLVAITPAAD 
AVSPLGAFAV GALGAWSFW AISWKKGHRV DDSFDVFAVH GMAGIAGALF . VMLFGDPLAP AGVSGVFFGG 
ELSLLWREPL AIIVTLTYAF GVTWLIATIL NKFMTLRITS EAEYEGIDRA EHAESAYHLN SNGIGMATRT 
NFGPE I PEE T VPDAVQVGVD KQKIADTRKA SK 
>RXA022 61 -nucleotide sequence A: upstream 

GAAATCTAT AGAACGATAGGTAAAAAC TGGACTAGGT T T ATC T ATAGC GGAAT AGAAAAT AC TCCGCTCGACAGCAT 
CAC T T AGC T GAAAGGCC T T T AAC ,' 

>RXA022 61 -nucleotide sequence B: coding region 

ATGGACCCCTCAGATCTAGCCTGGATTCTCGCAGCTTTTGCGTTGGTAAGCCTGATGTTCCCCGGATTGTCCCTGCT 
CTACGGCGGCATGCTGGGTGGGCAACACGTTCTTAACACGTTCATGATGGT 

TTGTGTACATCATTTATGGAGACGGACTTGTCTTAGGAAACTCCATCGG . 
GAATACTTCGGCTTCCGCAA^TTATGGAAGATGACGGCACCGGAGACCTCATGTGGGCCGGCTTC 
CGCTGCAATCTCACTCGCACTTGTTTCATCTGGTGCAGC^^ 

TCCTGTGGTTCACCTTTGTGTACGCGCCACTGGCACACTGGGTTTTCGCTATCGATGATCCTGAGTCCGGCTACGTG 
, GGTGGCTGGATGAAAAATGTGCTTGAGTTCGACGACTTTGCTGGT 
v^J^" TGGACTCGCGCTGGCAATAGTGCTGGGACGCGGCCACTCCATGGCTGT 

TTGGTGCAGGACTGATCGTTGCGGGCTGGTTCGGATTCAATGGTGGTACCG 

TACGTGGTCGTTACCTCTCTC^TTGCTGCAGCTGGCGGAATGATGGGCTTCATiGCTCGTTGAACGTG 
AAAACCCACTTTCTTTGGCTCGGCAACCGGCACAATCGCAGGCCTTGTGGCTATCACCCCG 
GCCCGCTCGGAGCATTCGCCGTCGGAGCGCTCGGCGCAGTTGTCTCCTT^ 

CGAGTCGATGATTCCTTCGATGTGTTCGGAGTCCACGGAATGGCCGGCATTGCAGGTGCACTGTTTGTCATGCTCTT 
TGGCGATCCACTAGCACGAGCGGGAGTTTCCGGAGTCTTCTTCGGTGGCGAA 
TGGCCATCATCGTGACCCTTACATACGCATTCGGCGTGACCTGGT ( TGATTGCC^ 
CTGCGCATCACCTCCGAAGCCGAATATGAAGGCATTGACCGCGCAGAACACGC^ 

CAACGGJ^TTGfGGATGGCAACCCGCACCAATTTCGGACCTGAAATCCCCGAGGAAACCGTGCCCGACGCC 
TGGGCGTCGATAAGCAAAAAATCGCTGATACTCGAAAGGCCTCAAAA ■ 
>RXA022 61 -nucleotide sequence C: downstream 
TGACCGCAACCTACACCACTGAA 
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»RXA02811 -amino acid sequence 
(1-384, translated) 128 residues 

VTESTLGASN SSQTIENKGL TILGISGRRL AAVXIGWFFV IFDGYDLIVY GTVQSALAKE WNLSSATLGT 
IGSTAFFGMA I GAVF I GRLS DRVGRKAAVI GSVXILSVFT MLCAFAPNPW .VFGAFRFI 
>RXA02811-nucleotide sequence A: upstream 

CATAATCACTCTTTCCAGATAGCGGAATCCCTTTGATTGTAACTTGGCTCACCTCGATTATGTGTTTATGACATCAC 
AC GCAC CAGAAT C GGGAGGAC T T 

>RXA02811-nucleotide sequence B: coding region 
GTGACAGAGTCAACTCTCGGAGCATCGAATAGCTCCCA^ 

CGGCCGACGCTTGGCTGCGGTGCTCATTGGCTGGTTTTTTGTCATTTTCGACGGCTACGACCTCATTGTGTACGGCA 
CCGTCCAATCGGCCCTGGCTAAGGAGTGGAACTTAAGCTCTGCAACGCTGGGCACCATCGGCTCCACCGCGTTCTTT 
GGCATGGCGATCGGCGCTGTGTTCATTGGTCGACTGTCAGACCGCGTGGGCCGAAAAGCAG^ 

GCTGATTCTCTCTGTCTTCACCATGCTGTGTGCATTTGCTCCAAACCCATGGGTGTTCGGCGCTTTCCGTTTCATC 
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»RXA024 02-amino acid sequence 
(1-744, translated) 248 residues 

VSKTEEGRSA AIIIYAFPTF ILLGAIIAFI FPEPFIPLTN YINIFLTIIM FTMGLTLTVP DFQMVLKRPL 
PILIGWAQF VIMPFLAIW AKMFNLNPAL AVGKLMLGSV PGGTSSWIA FIARGDVALS VTMTSVSTiV 
SPIMTPFLML MLAGTETAVD GGGMAWTLVQ TVLLPVIIGL VLRVFLNKWI DKILPILPYL SILGIGGWF 
GAVAANAERL VSVGLIVFVA VIVHNVLGYV VGYLTGRV 
>RXA02 4 02 -nucleotide sequence A: upstream 

CACTACTGCGTTAAGGTATGAAAGTTCGCACACCAGCGATTTAATTCTGTGCCCACCACTAGCACGACCATTTCAGT 
TTTAACTTTCTTGGAGTTTTCTA 

>RXA02 4 02 -nucleotide sequence B: coding region 
GTGTCCAAAACAGAAGAAGGCCGTTCAGCGGCCATAAT^ 

CATTGCGTTTATCTTCCpGGAACCATTCATTCCGCTGACAAACTACATTAATATCTTCCTCACGATCATCATGTTCA 
CCATGGGTTTGACCTTGACGGTGCCCGATTTTCAGATGGTGCTTAAACGTCCACTGCCTATCTTGATCGGTGTAGTA 
GCGCAGTTTGTCATGATGCCATTCCT 

CCTTCTCATGCTGGGATCCGTTCCGGGTGGCACCTCCTCCAATGTGATTGCGTTTCTCGCCCGAGGAGATGTCGCGC. 

TATCGGTCACCATGACCTCTGTGTCCACGATTGTTTCCCCAATC^ 

ACTGAAACCGCCGTCGATGGTGGAGGCATGGCGTGGACTTTGGTACAAACAG^ 

AGTTCTGCGTGTCTTCTTGAACAAGTGGATCGAGAAGATTTTGCCGATCCTTCCTTATCTCTCCATCCTCGGTATCG 
GTGGCGTGGTGTTCGGCGCAGTCGCAGCCAACGCGGAACGACTCGTGTCTGTCGGACTCATCGTGTTCGTTGCAGTT 
ATCGTGCACAACGTACTTGGATACGTTGTGGGATACCTCACCGGCCGTGTA 
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»RXA02 62 6-amino acid sequence 
(1-1005, translated) 335 residues 

MSTQVELKTP KSEDRAAYIA ALGFFVLVII GG 1 1 GFTASD WLNISSWVN PKLGIIMFSM GLTLKPVDFA 
LVAKRPLPVL IGVIAQFVIM PLIAIiLWWV LQLPAEIAAG VILVGCAPGG TSSNWSYLS RGDVAL S VTM 
TSISTLIAPI FTPLLTLWLA GQYMPLNAAD MAVSIVQWL IPWGGLWR LIFPTLIGKV LPLLPWISVI 
AISLIVAIW AGSRDKILEA GLLVIAAVII HNTLGYSLGY LAAKFTGQPA AARRTTAIEV GMQN S GUAD G 
LASQYMSPMS ALPGAIFSVW . HNLSGALLAA LCRASDKRAA EKVASEKAAS EKAAS 
>RXA02 62 6 -nucleotide sequence A: upstream ^ 

GTAGCGGTCGAATTATTTGCCTGTGGGCATAATTTTGAGACAAAATAATAGAAACGTCTCAGLATGTT^GGAAGTTCT 
TCACGCTATCAGTTAGGGAGCAC , 
>RXA02 62 6 -nucleotide sequence B: coding region 

ATGAGTACTCAAGTTGAACTCAAAACACCGAAATCGGAAGACCGGGCAGCATATATCGCTG . 
CTTGGTCATCATTGGCGGCATCATCGGATTCACAGCCTCGGATGTTGTGCTCAATATTTCTTCGTGGGTCAATCCTT 

tgctgggc^tc^tcatgttctccatgggcctgac^ 

CCAGTTCTTATCGGCGTGATCGCCCAGTTTGTCATCATGCCCCTGATCGCATTC^TGGTGGTCTGGGTTTTGCAGCT 

gcctgcggaaattgcggccggtgtcatcttggttggttgtgc^ 

tgtcccgtggtgatgttgcgctgtctgtcaccatgacttccatctccacgctgcttgctccaattttcactccactg 
cttaccctgtggctggcggggcaatacatgccacttaatgc^ 

gatcccagtcgtgggcggacttgttgtgcggttgatcttcccgacactcattggcaaggttttgcctcttttgccat 
ggatttcagtcattgcgatttcattgatcgttgccatcgtc^ 

fc.ctgctcgtgctggctgccgtgattattcacaacaccctcggctactccctgggatacctcgctgcgaaattcactg 
gcagcctgctgcagctcgacgcactaccgcgattgaggtcggtatgcaaaactccggcctcgcagatggactcgcat 
cccagtacatgtcaccaatgtctgctctgccaggcgctatcttctctgtctggcacaacctttccggagcacttctt 
gctgcattgtgcagggcgtccgataagagggctgcgg^ 

TTCC 

>RXA02 62 6 -nucleotide sequence C: downstream 
TAAAAGGCTTCGCTCCTAAAACT 
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>>RXA00571-amino acid sequence 
(1-1185, translated) 395 residues 

QIGALSPAVA GTLGSYAMIG VMI GAL SAGA VGDRLGRRKV MLTAIVWFSV GMALTAFASS IALFGFLRFL 
TGLGVGMIVA TGGAIIAEFA PANRRNLFNA IVYSGVPAGG VXASILALLF EDVIGWRGLF LIGGSPLLFL 
LPLAYFFLPE SPRWLTSRGR AADAKALCAR YGLPTEE FW EKQQETKGTG FAGIFSSKYL MGTILIGAMS 
FIGLLSTYGL NTWLPKIMES NGATSHDSLY SLLFLNGGAV FGGLi I ASWFA DRIGAKTVIT STFALAAICL 
GVLPNISSWP MMYTAIAFAG VGVLGTQVL.T YGLTSNFFGT ECRAAGVAWC AGFGRLGGIV GPAIGGLIIG 
AGFGPSSAFL IFAAAAAIGA VCTLLIPRSP AEVEVKVAQE PLARV 
>RXA00571 -nucleotide sequence B: coding region 

CAGATCGGTGCGCTCAGCCCAGCAGTCGCCGGCACCCTTGGTTCCTACGCCATGATCGGCGTGATdATCGGTGCTCT 
ATCTGCAGGTGCCGTTGGTGACCGCCTTGGTCGTCGCAAAGTTATGCTCACCGCAATCGTCTGGTTCTCTiSTGGGCA 
TGGCGCTGACCGCGTTCGCGTCCTCGATTGCGCTGTTCGGTTTCTTGCGCTTCCTCACCGGACTTGGCGTGGGCATG 
ATCGTTGCAACCGGCGGCGCAATCATCGCGGAGTTCGCTCCAGCGAATAGGCGCAACTTGTTCAACGCAATCGTGTA 
CTCCGGTGTCCCACX^CGGTGGCGTGCTGGCTTCTATCCTTGCACTGCTCTTTGAAGATGTCATCGGCTGGCGCGGAC 
TCTTCCTCATCGGTGGATCCCCACTACTGTTCCTCCTGCCACTTGCATACTTCTTCCTCCCAGAGTCCCCGCGCTGG 
CTCACCTCCCGCGGCCGTGCTGCGGACGCCAAAGCCCTCTGCGCACGCTATGGGCTGCCGACGGAGGAATTTGTCGT 
CGAAAAGCAGCAGGAAAGAAAGGGCACCGGATTCGCTGGAATTTTCTCCTC 

TCGGCGCAAT(^GCTTCATCGGGCTGCTTTCGACCTACGGCCTGAACACCTGGTTGCCAAAGATGATGGAATCCAAC 
GGCGCAACCTCACATGATTCCCTGTACTCCCTGCTGTTCCTCAACGGCGGCGCAGTGTTCGGTGGCCTCATCGCATC 
CTGGTTCGCTGACCGCATCGGCGCGAAGACCGTGATCACCTCCACCTTCGCTCTCGCCGCGATCTGCCTCGGAGTCC 

1^ TGCCAAACATCTCCTCCTGGCCAATGATGTACAC^ 

^ CTCACCTACGGCCTGACCTCGAACTTCTTCGGAACCGAATTCC^ 

CCGACTCGGCGGAATCGTCGGACCAGCAATCGGTGGCCTGATCATCGGCGCAGGATTCGGA 

TCATCTTCGCAGCAGCTGCCGCAATCGGCGCGGTCTGCACCTTGCTGATCCCGCGCTCCCCAGCAGAAGTAGAGGTC 

AAGGTCGCGCAGGAACCACTTGCACGTGTC 

>RXA0 0571 -nucleotide sequence C: downstream 

TAACCCCAATTAATTCGAAACAA 
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»RXA0 057 0 -amino acid sequence 
(1-498, translated) 166 residues 

PTIVMAMVAG IFLRFGLDLI DASVTD PL I A LPMVTVFVAL SMSPRLASIA PPVAVAAWG TIVAIASGKL 
ASGILDNGI I SRPVFTAPEF SFAAIMELW PLAITWIVQ NGQGVAVLKA AGHRPGVNIA AAASGLWSLP 
MALIGNITTC LTGPTNALIV AGAKSH 

>RXA0 057 0 -nucleotide sequence B: coding region 

CCAACCATCGTGATGGCCA.TGGTCGCAGGCATTTTCCTCCGCTTCGGACTCGACCTCATCGACGCCAGCGTGACCGA 

CCCGCTCATTGCACTTCCCATGGTCATAGTTTTTGTGGCATTC^GCATGAGTCCCCGCTTGGCAAGCATCGCCCCAC 

CCGTTGCAGTAGCCGCAGTAGTGGGAACCATCGTTGCCATCGCATCCGGCAAACTAGCGTCCGGAATTCTAGACAAC 

GGAATTATCTCCCGCCCCGTCTTTACCGCCCCAGAATTTTCCTTCGCCGCCATCATGGAACTCGTTGTTCCCTTGGC 

GATCACCGTAGTCATTGTCCAAAACGGCCAAGGCGTCGCAGTGCTTAAAGCAGCAGGTCACCGCCCCG 

TTGCCGCCGCGGCCTCCGGACTGTGGTCCCTACCCATGGCGTTGATCGGCAACATCACCACCTGCCTCACCGGCCCC 

ACCAACGCGCTGATCGTCGCCGGAGCAAAATCACAC 



Claims 



1 " ^?° laXed nUCld ° add molecule So™ Corynebacterium gluramicum encoding an 
MCT protein, or a portion thereof. " 

2. The isolated nucleic acid molecule of claim 1, wherein said nucleic acid molecule 
encodes an MCT protein involved in the production of a fine chemical. 



10 
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3. An isolated Corynebacterium gluramicum nucleic acid molecule selected from the 
group consisting of those sequences set forth in Appendix A, or a portion thereof. 

4. An isolated nucleic acid molecule which encodes a polypeptide sequence selected 
from the group consisting of those sequences set forth in Appendix B. 

5. An isolated nucleic acid molecule which encodes a naturally occurring allelic variant 
of a polypeptide selected from the group of amino acid sequences consistine of those 
sequences set forth in Appendix B. 

6 ' 3 S u laiCd nUcleiC molecule comprising a nucleotide sequence which is at least 
50/. homologous to a nucleotide sequence selected from the group consisting of 
those sequences set forth in Appendix A, or a portion thereof. 

7. Axi isolated nucleic.acid molecule comprising a fragment of at least 15 nucleotides 
of a nucleic acid comprising a nucleotide sequence selected from the group 

25 consisting of those sequences set forth in Appendix A. 

8. An isolated nucleic acid molecule which hybridizes to the nucleic acid molecule of 
any one of claims 1-7 under sttingem conditions. 

30 9. An isolated nucleic acid molecule comprising the nucleic acid molecule of any one 
of claims 1 -8 or a portion thereof and a nucleotide sequence encoding a heterologous 
polypepnde. b 

10. A vector comprising the nucleic acid molecule of any one of claims 1-9. 

1 1. The vector of claim 10, which is an expression vector. 

12. A host cell transfected with the expression vector of claim 11. 
) 1 3. The host cell of claim 12, wherein said cell is a microorganism. 

1 4. The host cell of claim 1 3, wherein said cell belongs to the.genus Corynebucterium 
or BrevibQcierium 

15. The host cell of claim 12, wherein the expression of said nucleic acid molecule 
results in the modulation in production of a fine chemical from said cell. 



_ * 0,s > carbohydrates, aromatic compounds, vitamins, cofactors, and 
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1 ? ' in ^^^S? U f* a P 0 ^^ ^Prising culturing "the host cell of claim p 
man appropriate culture medium to, thereby, produce the polypeptide. 

19 ' 2? SSa rf ^^^ ^ P ° lyPePtide iS ^ed in the production 

21 '^! Iat ? P 01 ^?^ ^Prising a naturally occurring allelic variant of a 

Sf W* * COmpns,n f an 1 . amin0 ac * ^"cnce selected from the group consistine 
of those sequences set forth in Appendix B, or a portion thereof. onSiSUn S 

2 " ^?^ Cd ^Wride which is encoded by a nucleic acid molecule comprising a 

£tt S6qUenCe ? 31 ICaSl 50% logons to a nucleic acidTeS 
from the group consisting of those sequences set forth in Appendix A. . 

30 24 ' ^?l ated P 01 ^^ comprising an amino acid sequence which is at least 50% 
stTue^ 

26. The method of claim 25, wherein said method further comprises the step of ' 
recovermg the fine chemical from said culture. P 

40 27. The method of claim 25, wherein said method further comprises the step of 

mmsfcctmg said cell with the vector of claim 1 1 to result £ a cell coSng said 

45 28 - 2?Xc^ Cto 25 ' WherCin ^ CCU bClongS l ° * e Co^acr^ or 

2P ' ^^A lh0d ° f 25 ' WherCin Said ceU is selecled from group consisting of 
Corynebactenum acetoacidophilum, Corynebacrerium acerogluiamicum 



Corynebucterium acetophilum. Corynebacrenum ammoniagents, Corynebacterium 
fujiokense. Corynebacterium nitrihphitus, Brevibacterium ammoniagenes. 
Brevibacterium bulanicum, Brevibacterium divaricatum. Brevibacterium Jlavum, 
Brevibacterium healii, Brevibacterium ketoglutamicum. Brevibacterium 
teiosoreducmm. Brevibacterium lactofermentum, Brevibacterium linens, 
Brevibacterium paraffinolyticum. and those strains set forth in Table 3. 

30. The method of claim 25, wherein expression of the nucleic acid molecule from said 
vector results in modulation of production of said fine chemical. 

31. The method of claim 25, wherein said fine chemical is selected from the group 
consisting of: organic acids, proteinogeriic and nonproteinogenic amino acids, purine 
and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 
fatty acids, diols, carbohydrates, aromatic compounds, vitamins, cofactors, and 
enzymes. 

32. The method of claim 25, wherein said fine chemical is an amino acid. ^ 

33. The method of claim 32, wherein said amino acidis drawn from the group consisting 
of: lysine, glutamate, glutaraine, alanine, aspartate, glycine, serine, threonine, 
methionine, cysteine, valine, leucine, isoleucine, arginine, proline, histidinc, ' 
tyrosine, phenylalanine, and tryptophan. 

j ( * 

34. A method for producing a fine chemical, comprising culturing a cell whose genomic 
DNA has been altered by the inclusion of a nucleic acid molecule of any one of 
claims 1-9. 



